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%JCRVGT 
INTRODUCTION
(TGGOKWO KU C RQRWNCT DWUKPGUU OQFGN HQT QPNKPG UGTXKEGU VJCV JCU DGEQOG KPETGCUKPIN[ RTGXC
NGPV HQT PQV QPN[ DWUKPGUU RTQXKFGTU DWV CNUQ HQT EWUVQOGTU CPF KPXGUVQTU (TGGOKWO UGTXKEGU PCVW
TCNN[ JCXG NQY DCTTKGT QH GPVT[ HQT WUGTU DGECWUG VJG[ CNNQY EWUVQOGTU VQ WUG VJG UGTXKEGU HQT HTGG
CPF QPN[ WUGTU YJQ TGSWKTG CFXCPEGF HGCVWTGU PGGF VQ RC[ 6JGTGHQTG UGTXKEG RTQXKFGTU ECP SWKEMN[
ICKP PGY WUGTU YJKEJ KU CVVTCEVKXG HQT KPXGUVQTU DGECWUG KPXGUVQTU PQTOCNN[ NQQM HQT UGTXKEGU YKVJ
NCTIG WUGT DCUGU 9JKNG HTGGOKWO JCU DGGP WUGF KP RTCEVKEG HQT C NQPI VKOG KV JCU QPN[ ICKPGF
KPVGTGUVU HTQO C YKFG CWFKGPEG CPF CTG YKFGN[ UVWFKGF CHVGT VJG DGUV UGNNGT DQQM ན(TGG 6JG HWVWTG
QH C TCFKECN RTKEGཔ D[ #PFGTUQP =? YCU RWDNKUJGF KP 
9JKNG HTGGOKWO UGTXKEGU CTG GCU[ VQ FGRNQ[ CPF ICKP WUGTU HTGGOKWO RTQXKFGTU QHVGP UVTWIING
VQ OCMG RTQិV +PETGCUKPI VJG VQVCN PWODGT QH WUGTU KU PQV FKឹEWNV DGECWUG WUGTU PQTOCNN[ FQ PQV
JCXG VQ RC[ HQT HTGGOKWO UGTXKEGU *QYGXGT VJGUG WUGTU FQ PQV KPEWT CP[ KPEQOG VQ VJG DWUKPGUU
/WUKE UVTGCOKPI UGTXKEGU CNUQ UVTWIING YKVJ VJKU RTQDNGO 5RQVKH[ QPG QH VJG OQUV RQRWNCT OWUKE
UVTGCOKPI UGTXKEGU TGRQTVGF C PGV NQUU KP  =?
0QYCFC[U VJG EQOOWPKECVKQP QXGT VJG +PVGTPGV KU YKFGN[ CFQRVGF CPF GUUGPVKCNN[ KPEWTU PQ
CFFKVKQPCN EQUVU HQT WUGTU FWG VQ VJG FGUKIP QH +PVGTPGV UWDUETKRVKQP RCEMCIGU 6JGUG OCMG EQO
OWPKECVKQP QXGT VJG +PVGTPGV GURGEKCNN[ QP UQEKCN PGVYQTM DGEQOG RQRWNCT CPF UQEKCN PGVYQTM KU
DGEQOKPI KORQTVCPV KPHQTOCVKQP UQWTEG 6JG UQEKCN PGVYQTM KPHQTOCVKQP KU KORQTVCPV VJGTGHQTG
C NQV QH TGUGCTEJGU WUG UQEKCN PGVYQTM CU UQWTEG KPHQTOCVKQP CPF UJQY VJG TGNCVKQPUJKRU DGVYGGP
UQEKCN PGVYQTM RQUKVKQP QH VJG WUGTU CPF UKOKNCTKV[ DGVYGGP HTKGPFU CPF VTGPF VQ WUG RTGOKWO UGT
XKEG *QYGXGT YJKNG WPUWDUETKRVKQPU QH RTGOKWO WUGTU FGETGCUG KPEQOG QH HTGGOKWO UGTXKEG
VJG TGNCVKQPUJKRU DGVYGGP VJGUG RCTCOGVGTU CPF WPUWDUETKRVKQPU QH RTGOKWO UGTXKEG JCU PQV DGGP
UVWFKGF
2TQិV OCMKPI KU RTQDNGO HQT HTGGOKWO EQPVGPV RTQXKFGTU UQ FGETGCUKPI WPUWDUETKRVKQPU KU QPG
QH VJG KORQTVCPV VJKPIU VJCV HTGGOKWO RTQXKFGTU UJQWNF GZRNQTG +H UQQPVQWPUWDUETKDG OGODGTU
ECP DG RTGFKEVGF VJG RTQXKFGT ECP OCMG C HQEWUGF OCTMGVKPI ECORCKIP HQT VJG WUGTU VQ EQPVKPWG
DGKPI RTGOKWO OGODGTU D[ WUKPI NGUU OCTMGVKPI EQUV VJCP OCMG IGPGTCN ECORCKIP VQ CNN WUGTU
6JG WUGT DGJCXKQTU UJQY UQOG NQPIVCKN RJGPQOGPQP UWEJ CU FKUVTKDWVKQP QH NKUVGPKPI HTGSWGPE[
RGT UQPIU QT FKUVTKDWVKQP QH NKUVGPKPI HTGSWGPE[ RGT WUGT CPF VJGTG CTG OCP[ TGUGCTEJGU VJCV UVWF[
VJG HCEVQTU VJCV IGPGTCVG VJG NQPIVCKN 6JG NQPIVCKN KU IGVVKPI OQTG KPVGTGUVU CU VJG QPNKPG FKUVTKDWVKQP
JCU NGUU OCTIKPCN EQUV VQ CFF OQTG KVGOU 6JGUG ETGCVG WPNKOKVGF XCTKGU QH KVGOU CPF UGTXKEGU VJCV
JCXG DQVJ OGTKVU CPF FGOGTKVU 6JG OGTKVU CTG VJGTG CTG OQTG ECRCEKV[ CPF XCTKGV[ QH RTQFWEVU
CPF UGTXKEGU VQ UGTXG XCTKGU PGGFU QH EWUVQOGTU $WV VJG FGOGTKV KU CFFKVKQPCN EQUV CPF VKOG VQ ិPF
OCVEJGF RTQFWEVUUGTXKEGU FWG VQ KPETGCUKPI QH PWODGT QH KVGOU
(QT VJG RTQDNGO QH KPHQTOCVKQP QXGTYJGNOKPI FWG VQ VJG NQPIVCKN GាGEV VJGTG CTG  V[RG QH
UQNWVKQPU UGCTEJ GPIKPG CPF TGEQOOGPFCVKQP U[UVGO 6JG UGCTEJ GPIKPG YKNN RTQXKFG VJG OQUV
TGNCVGF KPHQTOCVKQP VJCV TGNCVG VQ UGCTEJ MG[YQTF CPF WUGTཐU KPHQTOCVKQP $WV HQT VJG TGEQOOGP
FCVKQP U[UVGO VJCV JCXG PQ UGCTEJ MG[YQTF WUGTཐU KPHQTOCVKQP KU VJG OQUV KORQTVCPV KPRWV VQ VJG
U[UVGO VQ ិPF VJG KPHQTOCVKQP VJCV WUGT OC[ YCPV 7UGTཐU KPHQTOCVKQP EQPVCKPU WUGTཐU RTQិNG WUGTཐU
DGJCXKQTU CPF WUGTཐU TGNCVKQP VQ VJG QVJGT WUGTU
%QNF UVCTV KU VJG OCKP RTQDNGO QH VJG TGEQOOGPFCVKQP U[UVGO VJCV YKNN QEEWT YJGP VJG KPHQT
OCVKQP KU PQV GPQWIJ VQ ិPF VJG TGNCVKQP (QT GZCORNG VJG PGY WUGT VJCV JCXG PQ WUGTཐU DGJCXKQT
KPHQTOCVKQP VJG U[UVGO YKNN ECPPQV OCMG VJG TGEQOOGPFCVKQP VQ UWEJ VJCV WUGT $WV VJGTG CTG
UQOG UVWFKGU UJQY VJCV HTKGPFU JCXG UKOKNCT DGJCXKQTU VJG UQEKCN PGVYQTM KPHQTOCVKQP ECP DG WUGF
VQ ិPF PGY WUGTཐU HTKGPFU DGJCXKQTU CPF WUG CU KPRWV KPVQ VJG TGEQOOGPFCVKQP U[UVGO 4CPFQO
YCNM YKVJ TGUVCTV KU QPG QH TGEQOOGPFCVKQP U[UVGOཐU CNIQTKVJO VJCV ECP WUG DQVJ WUGTUཐ DGJCXKQTU
CPF UQEKCN PGVYQTM KPHQTOCVKQP VQ OCMG VJG GឹEKGPV TGEQOOGPFCVKQP $WV VJG RTQEGUU ECP DG
KORTQXGF D[ EJCPIG VQ TCPFQO RCTCOGVGTU
(QT VJG RTQXKFGTU UWEJ CU GEQOOGTEG RTQXKFGT VJCV JCXG KPEQOG TGNCVGF VQ PWODGT QH VTCPUCE
VKQPU QT UGTXKEG WUGF VJG OCTIKPCN EQUV YKNN PQV GZEGGF VJG OCTIKPCN KPEQOG $WV HQT UWDUETKRVKQP
DCUGF HTGGOKWO RTQXKFGT KPETGCUKPI QH WUCIGU PQV IWCTCPVGG VQ KPETGCUKPI QH KPEQOG DWV EGTVCKPN[
KPETGCUG VJG EQUV .QPIVCKN FKUVTKDWVKQP QH WUCIG YKNN EJCPIG VJG EQUV CU VJG UJCRG EJCPIGF #U VJG
EQR[TKIJV KU QPG QH VJG OCKP EQUV HQT EQPVGPV RTQXKFGT CPF KPETGCUGF HQNNQY VQ VJG PWODGT QH WUCIG
CPF RQRWNCTKV[ QH ETGCVQT EJCPIKPI VJG UJCRG QH NQPIVCKN WUCIG ECP TGFWEG VJG EQR[TKIJV EQUV VJCV
JCXG VQ RC[ VQ VJG TKIJV JQNFGTU $WV VJGTG KU PQ UVWF[ CDQWV VJG EQPVTQNNCDNG RCTCOGVGTU VJCV GាGEV
VJG UJCRG QH NQPIVCKN
6JG IQCN QH VJKU FKUUGTVCVKQP KU VQ GZRNQTG CRRTQCEJGU VQ KORTQXG RTQិVCDKNKV[ QH HTGGOKWOOWUKE
UVTGCOKPI UGTXKEGU CU UJQYP KP (KIWTG  6JTGG OCKP HCEVQTU YGTG GZRNQTGF YJKEJ CTG EQPXGTUKQP
TCVG TGEQOOGPFCVKQP U[UVGO CPF TQ[CNV[ HGG YKVJ VJG CKO VQ KPETGCUG RTQិV HQT UGTXKEG RTQXKFGTU
D[ KPETGCUG VJG KPEQOG CPF TGFWEG VJG EQUV CPF VQ CNNQY VJG UGTXKEGU VQ EQPVKPWG VQ DG QាGTGF
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Figure 1.1: )QCN CPF UEQRG QH VJKU TGUGCTEJ
6Q KPETGCUG VJG KPEQOG + CPCN[\GF VJG KPHQTOCVKQP CDQWV YJGP RTGOKWO WUGTU UWDUETKDG VQ
VJG UGTXKEG CPF WPUWDUETKDG HTQO VJG UGTXKEG D[ WUKPI VJG WUGTཐU NKUVGPKPI DGJCXKQT CPF UWDUETKRVKQP
JKUVQT[ HTKGPFUཐ UWDUETKRVKQP JKUVQT[ CPF JQY KORQTVCPV VJG WUGT KU KP VJG UQEKCN PGVYQTM 6JG
UVTCVGIKE VQ KPETGCUG EQPXGTUKQP TCVG YCU RTQRQUGF HTQO VJG TGUWNV QH VJG RTQRQUGF OQFGN 6JKU KU
FGUETKDGF KP EJCRVGT 
6QIGVJGT CU VJG PWODGT QH UQPIU GZRQPGPVKCNN[ KPETGCUGU ិPFKPI VJG TKIJV UQPIU HQT GCEJ WUGT
KU EJCNNGPIKPI + FGXGNQRGF C TGEQOOGPFCVKQP U[UVGO DCUGF QP JKUVQTKECN FCVC QH NKUVGPKPI DGJCXKQT
CPF VCIU CPF UQEKCN PGVYQTM QH WUGTU VQ CNNQY WUGTU VQ ិPF VJG UQPIU VJCV UWKV VJGKT VCUVG DGVVGT 6JKU
ECP KORTQXG VJG WUGT GZRGTKGPEG HQT VJG UGTXKEG CPF KPETGCUG PWODGT QH WUGTU6JKU KU FGUETKDGF KP
EJCRVGT 
6Q FGETGCUG VJG EQUV + RTQRQUGF C GXQNWVKQP OQFGN VQ GZRNCKP VJG NQPIVCKN RJGPQOGPC KP VJG
WUCIG FKUVTKDWVKQP QH OWUKE UVTGCOKPI UGTXKEG #P CPCN[UKU QH JQY GCEJ RCTCOGVGT CាGEV VJG EJCPIG
KP VJG UJCRG QH VJG NQPIVCKN YCU RGTHQTOGF 6JGP VJG OQFGN KU WUGF VQ RTQRQUG NKEGPUKPI EQUV
TGFWEVKQP D[ C UKORNKិGF EQUV OQFGN KP YJKEJ RQRWNCT UQPIU EQUVU OQTG HQT VJG UVTGCOKPI UGTXKEG
RTQXKFGTU 6JKU KU FGUETKDGF KP EJCRVGT 
%QODKPKPI VJG VJTGG HCEVQTU FKUEWUUGF CDQXG VJKU FKUUGTVCVKQP RTQXKFGU KPHQTOCVKQP CPF OCP
CIGTKCN TGEQOOGPFCVKQP HQT HTGGOKWOOWUKE UVTGCOKPI UGTXKEG RTQXKFGTU VQ WVKNK\G KP VJGKT DWUKPGUU
YKVJ VJG CKO VQ KPETGCUG RTQិVU
%JCRVGT 
OBJECTIVE OF THESIS AND LITERATURE SURVEY
6JKU EJCRVGT FKUEWUUGU VJG QDLGEVKXG QH VJKU VJGUKU CPF TGXKGYU OCKP TGNCVGF MPQYNGFIGU CPF
NKVGTCVWTGU YJKEJ CTG HTGGOKWO DWUKPGUU OQFGN CPF UQEKCN PGVYQTM CPCN[UKU
 5IF 0CKFDUJWF PG 5IFTJT
(TGGOKWO DWUKPGUU OQFGN DGEQOGU RQRWNCT DGECWUG QH ENGCT OCTMGVKPI CPF OQPGVK\CVKQP OQFGN
*QYGXGT OCMKPI RTQិV HTQO VJG UGTXKEG KU VJG OQUV FKឹEWNV RTQDNGO QH VJG RTQXKFGTU 6Q OCMG
UWUVCKPCDNG UGTXKEGU VJG UVTCVGI[ VQ KPETGCUG RTQិVU CTG PGGFGF YJKEJ YKNN OCMG VJG RTQXKFGT ECP
WUG VJG KPETGCUGF RTQិV VQ KORTQXG VJG UGTXKEGU 9G ECP KPETGCUG RTQិVU HQT UGTXKEG RTQXKFGTU D[
KPETGCUKPI income QT TGFWEKPI cost QH VJG UGTXKEG 6JG KPEQOG QH CNN HTGGOKWO UGTXKEGU KU TGNCVGF
VQ VYQ HCEVQTU YJKEJ CTG the total number of the users CPF VJG conversion rate QH VJG UGTXKEG
1PG QH VJG UVTCVGI[ VQ KPETGCUG DQVJ QH VJGO KU VQ KPETGCUG VJG user satisfaction YJKEJ YKNN NGCF
VQ YQTF QH OQWVJ QH VJG UGTXKEG CPF VJG EQPVKPWQWU WUKPI QH RTGOKWO UGTXKEG (QT VJG UGTXKEG
YJKEJ JCXG VQQ OCP[ EJQKEGU VQ VJG WUGTU VJG TGEQOOGPFCVKQP U[UVGO KU PGGF VQ JGNR UQNXKPI
KPHQTOCVKQP QXGTYJGNOKPI RTQDNGO CPF KPETGCUG VJG EWUVQOGT UCVKUHCEVKQP 6QIGVJGT VJG GាGEV
HTQO UQEKCN PGVYQTM JCXG VQ DG EQPEGTP HQT QPNKPG UGTXKEGU 6JG UQEKCN PGVYQTM ECP DG VJG OGFKC
HQT YQTF QH OQWVJ CPF URTGCF VJG VGEJPQNQI[ QT UGTXKEG WUCIG 6JG UVTCVGI[ VQ KPETGCUG RTGOKWO
UGTXKEG WUCIG TGNCVGF VQ VJGKT WUGTUཐ UQEKCN PGVYQTM ECP JGNR RTQXKFGT VQ KPETGCUG KPEQOG VQQ 1P
CPQVJGT JCPF QPG QH VJG DKIIGUV EQUV QH VJG OWUKE UVTGCOKPI UGTXKEG KU royalty fee YJKEJ KU TGNCVGF
VQ VJG HTGSWGPE[ QH VJG NKUVGPKPI QH VJG OWUKE 6JG HTGSWGPE[ QH NKUVGPKPI KU UCKF VQ DG longtail
distribution +H VJG UJCRG QH NQPIVCKN ECP DG EJCPIGF D[ UQOG RCTCOGVGTU VJG TQ[CNV[ HGG EQUV
KU CNUQ EJCPIGF VQQ 6JG VTGG HCEVQTU UQEKCN PGVYQTM VCI CPF NKUVGPKPI DGJCXKQTU YJKEJ UJQYP CU
[GNNQY KVGOU KP ិIWTG  ECP CាGEV VJG EQPXGTUKQP TCVG TGEQOOGPFCVKQP TGUWNVU CPF TQ[CNV[ HGG
YJKEJ NGCF VQ EJCPIG KP VJG RTQិV
6JG OCKP QDLGEVKXG QH VJKU VJGUKU KU VQ GZRNQTG UVTCVGIKGU VQ KPETGCUG RTQិVU HQT HTGGOKWO UGTXKEG
RTQXKFGTU YJKEJ ECP DG FQPG D[ KPETGCUKPI EQPXGTUKQP TCVG KPETGCUKPI RGTHQTOCPEG QH TGEQOOGP
FCVKQP U[UVGO VJCV CាGEVU WUGT UCVKUHCEVKQP CPF TGFWEKPI VJG TQ[CNV[ EQUVU (QT VJG EQPXGTUKQP TCVG
F[PCOKE WUGFKាWUKQP OQFGN YJKEJ ECP DG WUGF VQ GZRNCKP VJG EQPVKPWQWU WUCIG QH VJG RTQFWEV CPF
UGTXKEG FQGU PQV EQPVCKP VJG UQEKCN PGVYQTM CPF JKUVQTKECN RTGOKWO UGTXKEG WUCIG HCEVQTU 1PG QH
VJG UWDQDLGEVKXGU QH VJKU VJGUKU KU VQ OQFKH[ VJG F[PCOKE WUGFKាWUKQP OQFGN VQ DG CDNG VQ GZRNCKP
VJG HCEVQTU VJCV GាGEV VJG RTGOKWO UGTXKEG WUCIG CPF WUG VJG PGY OQFGN VQ GZRNCKP VJG DGJCXKQT QH
VJG WUGTU CPF ិPF VJG UVTCVGI[ VQ KPETGCUG EQPXGTUKQP TCVG 6JKU UWDQDLGEVKXG KU KNNWUVTCVGF WUKPI
DNWG DQTFGTU CPF CTTQYU KP (KIWTG  0GZV CU TGEQOOGPFCVKQP U[UVGOU ECP KPETGCUG VJG WUGT
UCVKUHCEVKQP KORTQXKPI VJG TGEQOOGPFCVKQP U[UVGO ECP HWTVJGT KPETGCUG VJG UCVKUHCEVKQP 6JGTG
HQTG QPG QH VJG UWDQDLGEVKXGU KU VQ KORTQXG VJG RGTHQTOCPEG QH TGEQOOGPFCVKQP U[UVGO YJKEJ
KU KNNWUVTCVGF WUKPI QTCPIG DQTFGTU CPF CTTQYU KP (KIWTG  #PQVJGT UWDQDLGEVKXG KU VQ UVWF[ VJG
NQPIVCKN RJGPQOGPQP QH OWUKE NKUVGPKPI DGJCXKQT VQ ិPF HCEVQTU YJKEJ ECP EJCPIG VJG UJCRG QH
NQPIVCKN FKUVTKDWVKQP VJCV CាGEV VJG TQ[CNV[ EQUV QH VJG HTGGOKWO OWUKE UVTGCOKPI UGTXKEG 6JKU
UWDQDLGEVKXG KU KNNWUVTCVGF WUKPI RWTRNG DQTFGTU CPF CTTQYU KP (KIWTG 
 'SFFNJVN #VTJOFTT .PEFM
$GHQTG OCMKPI C RWTEJCUG EWUVQOGTU QHVGP YCPV VQ CUUGUU VJG RTQFWEVU DQVJ KP VGTOU QH VJG RTQF
WEVཐU SWCNKV[ CPF YJGVJGT VJG RTQFWEV ិVU VJGKT PGGFU 1PG QH VJG MPQYP GាGEVKXG OGVJQF VJCV
EQORCPKGU CUUKUV EWUVQOGTU KP VJG RTQEGUU KU VQ CNNQY EWUVQOGTU VQ VGUV VJG RTQFWEVU HQT VJGOUGNXGU
(TGG UCORNGU QH RTQFWEVU CPF VGUV FTKXKPI QH ECTU CTG OCTMGVKPI CRRTQCEJGU VJCV EQORCPKGU HTG
SWGPVN[ WUG VQ CESWCKPV EQPUWOGTU YKVJ VJGKT RTQFWEV DGHQTG VJG[ FGEKFG VQ OCMG RWTEJCUGU (QT
RJ[UKECN RTQFWEVU UWEJ CU EQUOGVKEU HQQF ECTU VJKU V[RG QH FKTGEV OCTMGVKPI KU EQUVN[ DWV KV KU
MPQYP VQ DG GាGEVKXG =? (QT FKIKVCN RTQFWEVU UWEJ CU UQHVYCTG OQDKNG CRRNKECVKQP QPNKPG UGT
XKEGU VJKU V[RG QH FKTGEV OCTMGVKPI JCU ETGCVGF C DWUKPGUU OQFGN (TGGOKWO YJGTG WUGTU ECP VGUV
VJG RTQFWEVU HQT VJGOUGNXGU DGHQTG OCMKPI VJG FGEKUKQP VQ RC[ HQT VJG RTQFWEV
6JG VGTO ན(TGGOKWOཔ KU EQKPGF D[ ,CTGF .WMKP KP  =? CPF JCU DGGP RWDNKUJGF KP VJG
DQQM ན(TGG 6JG HWVWTG QH C TCFKECN RTKEGཔ QH %JTKU #PFGTUQP =? CPF VJG DQQM ན(TGGOKWO 'EQ
PQOKEU .GXGTCIKPI #PCN[VKEU CPF 7UGT 5GIOGPVCVKQP VQ &TKXG 4GXGPWGཔ D[ 'TKE 5GWHGTV =?
(TGGOKWO TGHGTU VQ VJG UVTCVGI[ VQ UGV VJG RTKEGU HQT UGTXKEGU VJCV CTG RCTVN[ HTGG DWV EJCTIGU HQT UGT
XKEGU QT HGCVWTGU VJCV CTG RTGOKWO 6JKU OQFGN KPENWFGU UJCTGYCTG QRGPUQWTEG UQHVYCTG OCP[
KPVGTPGV UGTXKEGU CPF KPCRR RWTEJCUGU
6JGTG JCU DGGP OCP[ GZCORNGU QH UWEEGUUHWN DWUKPGUU VJCV WUG HTGGOKWO DWUKPGUU OQFGN 2QR
WNCT GZCORNGU CTG 5M[RG &TQRDQZ CPF /KETQUQHV 1ឹEG 5M[RG KU C ETQUU RNCVHQTO UQHVYCTG VJCV
CNNQYU WUGTU VQ EJCV CPF OCMG ECNNU QXGT 8Q+2 HQT HTGG 6JGKT RTGOKWO UGTXKEG CNNQYU ECNNU VQ JQOG
RJQPGU CPF OQDKNG RJQPGU CPF CNUQ CNNQYU QVJGTU VQ ECNN HTQO JQOG RJQPG CPF OQDKNG RJQPGU D[
IKXKPI GCEJ RTGOKWO WUGT C RJQPG PWODGT VQ TGEGKXG ECNNU &TQRDQZ KU C UGTXKEG VJCV DCEMU WR
WUGTཐU FCVC QP VJG ENQWF CPF U[PEJTQPK\GU VJGUG FCVC CETQUU WUGTཐU OWNVKRNG OCEJKPGU CWVQOCVKECNN[
CPF GCUKN[ 7UGTU CTG CNNQYGF WR VQ  )$ QH FCVC HQT HTGG 7UGTU YJQ YKUJ VQ WUG OQTG FCVC UVQTCIG
ECP RC[ RTGOKWO RTKEGU HQT KPETGCUGF COQWPV QH UVQTCIG /KETQUQHV 1ឹEG RTQXKFGU /KETQUQHV
QឹEG QPNKPG HQT HTGG YJKEJ CNNQYU XKGYKPI CPF NKOKVGF GFKVKPI ECRCDKNKV[ QH FQEWOGPVU 7UGTU
ECP RWTEJCUG QឺKPG UQHVYCTG HQT C HGG HQT CFXCPEGF XKGYKPI CPF GFKVKPI HGCVWTGU
1PG QH VJG TGCUQPU VJCV HTGGOKWO RTKEKPI UVTCVGI[ JCU ICKPGF CVVGPVKQP PQYCFC[U KU DGECWUG
RTQFWEVU CPF UGTXKEGU VJCV JCXG DGGP RTQXKFGF HQT HTGG JCU KPEWTTGF QPN[ UOCNN EQUV HQT RTQXKFKPI
UGTXKEGU VQ OQTG WUGTU FWG VQ VJG +6 FGXGNQROGPV VJCV HQNNQYU /QQTGཐU NCY =? CPF 0GKNUGPཐU
NCY QH +PVGTPGV $CPFYKFVJ =? YJKEJ UC[ VJCV VJG RTQEGUUKPI ECRCDKNKV[ UVQTCIG CPF URGGF QH
EQOOWPKECVKQP KPETGCUG GZRQPGPVKCNN[ YKVJQWV OWEJ KPETGCUG KP EQUV 6JGTGHQTG UGTXKEG RTQXKFGTU
ECP DCTG VJG EQUV QH RTQXKFKPI UGTXKEGU CPF RTQFWEVU VQ NCTIG COQWPV QH WUGTU 1P VJG WUGTU UKFG
VJG HTGG UGTXKEGU CPF RTQFWEVU RTQXKFGF KU CNUQ CP KPEGPVKXG VQ CNNQY WUGTU VQ VT[ QWV VJGKT RTQFWEVU
YJGTG WUGTU QPN[ JCXG VQ NGCTP PGY VGEJPQNQI[ DWV PQ OQPGVCT[ EQUV +V CNUQ JGNRU KPETGCUG VJG
PWODGT QH VQVCN WUGTU QH VJGKT UGTXKEGURTQFWEVU
 .POFUJ[JOH "QQSPBDIFT GPS 'SFFNJVN
/QPGVK\CVKQP KU VJG OCKP EQPEGTP KP OQUV DWUKPGUU (TGGOKWO DWUKPGUU OCMGU OQPG[ D[ KPPQXCVKXG
DWUKPGUU OQFGN .KPMGF+P CNNQYU  OKNNKQP WUGTU VQ RQUV VJGKT RGTUQPCN RTQិNG VQ VJG KPVGTPGV HQT
HTGG 6JGUG HTGG WUGTU KPEWT EQUV VQ VJG UGTXKEG DWV FQGU PQV EQPVTKDWVG FKTGEVN[ VQ RC[ HQT VJGUG
EQUVU *QYGXGT VJG[ EQPVTKDWVG KPFKTGEVN[ D[ DGKPI C RCTV QH C NCTIG PWODGT QH WUGTU KP YJKEJ
CFXGTVKUGTU TGETWKVGTU CPF NGCFUGGMKPI RTQHGUUKQPCNU YJQ YCPV VQ TGCEJ VJGO CTG YKNNKPI VQ RC[
.KPMGF+P QDNKIGU VJKU FGOCPF YKVJ CF RCEMCIGU RTGOKWO UWDUETKRVKQPU CPF JKTKPI UQNWVKQPU VJCV
VQIGVJGT JCXG TGUWNVGF KP RQUKVKXG ECUJ ីQY 6JG VJTGG OQUV EQOOQP CRRTQCEJGU VQ OQPGVK\G C
HTGGOKWO DWUKPGUU CTG CFXGTVKUGOGPV UWDUETKRVKQP CPF KPCRR RWTEJCUG #FFKVKQPCNN[ NKPM VJG
.KPMGF+P GZCORNG EQODKPCVKQP QH VJG VJTGG CRRTQCEJGU CTG EQOOQPN[ GORNQ[GF
 $POWFSTJPO 3BUFT
6JG OCKP HCEVQT VJCV CTG QHVGP EQPUKFGTGF VQ CាGEV VJG UWEEGUU KP HTGGOKWO DWUKPGUU OQFGN KU VJG
ནEQPXGTUKQP TCVGཔ %QPXGTUKQP TCVG KU VJG TCVKQ QH VJG PWODGT QH RTGOKWO WUGTU 
WUGTU YJQ RC[ HQT
RTGOKWO UGTXKEGU VQ VJG VQVCN PWODGT QH WUGTU 6JG EQPXGTUKQP TCVG UJQYU VJG CDKNKV[ VQ EQPXGTV
HTGG WUGTU VQ RTGOKWO WUGTU CPF VJG KPEQOG QH VJG RTQFWEVUGTXKEG ECP DG ECNEWNCVGF D[
+PEQOG = 
 QH VQVCN WUGTU× 
EQPXGTUKQP TCVG× 
CXGTCIG KPEQOG RGT RTGOKWO WUGT
6JG DWUKPGUU UWUVCKPU YJGP VJKU KPEQOG GZEGGFU VJG EQUV QH RTQXKFKPI UGTXKEGU VQ DQVJ HTGG CPF
RTGOKWO WUGTU CPF VJG ិZGF EQUV QH TWPPKPI VJG DWUKPGUU
(TQO VJG HQTOWNC VQ ECNEWNCVG KPEQOG CDQXG VJGTG CTG VJTGGYC[U VQ KPETGCUG KPEQOG KP HTGGOKWO
DWUKPGUU OQFGN 6JG ិTUV CRRTQCEJ KU VQ KPETGCUG VJG PWODGT QH CNN WUGTU 6JG UGEQPF CRRTQCEJ KU
VQ KPETGCUG VJG EQPXGTUKQP TCVG 6JG VJKTF CRRTQCEJ KU VQ KPETGCUG VJG CXGTCIG KPEQOG RGT RTGOKWO
WUGT 6JG VJKTF CRRTQCEJ KU FKឹEWNV VQ GZGEWVG YKVJQWV PGY HGCVWTGU VQ QាGT VQ RTGOKWO WUGTU
+PETGCUKPI VJG VQVCN PWODGT QH WUGTU KU CP CVVTCEVKXG CRRTQCEJ KH VJG EQUV RGT GZVTC WUGT KU UOCNN
*QYGXGT VJG UGEQPF CRRTQCEJ KU VJG OQUV KPVGTGUVKPI DGECWUG KV KPETGCUGU VJG VQVCN KPEQOG HTQO
VJG UCOG EWUVQOGTU
6JGTG KU C DQF[ QH TGUGCTEJ VJCV UVWFKGU VJG HCEVQTU VJCV CាGEV EQPXGTUKQP TCVGU (CEVQTU VJCV
JCXG DGGP HQWPF VQ CាGEV EQPXGTUKQP TCVGU KPENWFG VJG COQWPV QH KPVGTCEVKQPU YKVJ QVJGT WUGTU
CPF VJG COQWPV QH UGTXKEG WUCIG = ? VJG FKាGTGPEG DGVYGGP RTKXKNGIGU QH HTGG CPF RTGOKWO
WUGTU = ? GCUG QH WUG QH VJG RTQFWEVUGTXKEG =? V[RG QH HTGGOKWO UGTXKEG 
VKOGNQEM
HGCVWTGNQEM J[DTKF WPKHQTO UGGFKPI = ? RTKEGU  FWTCVKQP CPF SWCNKV[ QH UGTXKEG =?
 5ZQFT PG 'SFFNJVN
6JGTG CTG HQWT OCKP UVTCVGIKGU HQT HTGGOKWO DWUKPGUU OQFGN 6JKU NKUV KU CFCRVGF HTQO VJG QPGU
FGUETKDGF KP =  ?
2VBOUJUZ -JNJUFE
.KOKVKPI SWCPVKV[ KU VJG VTCFKVKQPCN CRRTQCEJ VQ CNNQYKPI EWUVQOGTU VQ VGUV VJGKT RTQFWEVU DGHQTG
DW[KPI 2TQFWEV UCORNGU CTG C UOCNN SWCPVKV[ QH VJG HWNN RTQFWEV YJKEJ CTG IKXGP QWV VQ VJGKT VCTIGV
EWUVQOGTU HQT HTGG (QT EQPUWOCDNG IQQFU 
KG KVGOU YJKEJ IGV WUGF WR SWCPVKV[ ECP DG NKOKVGF
D[ XQNWOG KG volume limitation (QT FWTCDNG IQQFU 
GI XCEWWO ENGCPGTU ECTU HTGG UCORNKPI
ECP EQOG KP C HQTO QH RTQFWEV FGOQPUVTCVKQP QT VGUV FTKXKPI YJKEJ CNNQYU EWUVQOGTU VQ GZRGTKGPEG
VJG RTQFWEV HQT C NKOKVGF VKOG
+P VGTOU QH FKIKVCN RTQFWEVU SWCPVKV[ NKOKVCVKQP KU QHVGP FQPG D[ CNNQYKPI WUGTU VQ VGUV VJG HWNN
RTQFWEV HQT C NKOKVGF VKOG QT time limitation #HVGT VJG URGEKិGF VKOG JCU RCUUGF VJG WUGTU YKNN
PQV DG CDNG VQ WUG VJG RTQFWEV
# FKាGTGPV XGTUKQP HQT SWCPVKV[ NKOKVCVKQP KP FKIKVCN RTQFWEV KU capacity limitation QT storage
limitation (QT GZCORNG )OCKN C HTGG GOCKN UGTXKEG CNNQYU CP[QPG VQ WUG VJGKT UGTXKEG HQT HTGG
YKVJ UVQTCIG WR VQ  )$ 
KP  7UGTU YJQ TGSWKTG OQTG VJCP VJG UVQTCIG NKOKV ECP RC[ C
OQPVJN[ HGG VQ KPETGCUG VJG UVQTCIG NKOKV &TQRDQZ CNUQ CNNQYU WUGTU VQ WUG VJGKT UGTXKEG HQT HTGG WR
VQ  )$ CPF EJCTIGU C OQPVJN[ UWDUETKRVKQP HGG VQ WUGTU YJQ YKUJ VQ KPETGCUG VJKU UVQTCIG ECRCEKV[
#U TGEGPV RNCVHQTOU QាGT WUGTU RC[RGTWUGT UGTXKEGU KP QTFGT HQT VJGO VQ RTQXKFG C VTKCN VJG[
QាGT HTGG ETGFKVU QT UGGF OQPG[ VQ PGY WUGTU 6JKU V[RG QH HTGGOKWO free credit limitation
CNNQYU WUGTU VQ GZRNQTG PGY UGTXKEG YKVJQWV WRHTQPV RC[OGPV
3WCPVKV[ NKOKVCVKQP KU GCU[ VQ GZGEWVG HQT FKIKVCN RTQFWEVU 6JGTGHQTG YG UGG OCP[ XCTKCPEG QH
VJKU V[RG QH HTGGOKWO
'FBUVSF -JNJUFE
6JG KFGC QH HGCVWTG NKOKVCVKQP KU VQ IKXGU WUGTU TGCN WVKNKV[ KPKVKCNN[ HQT HTGG CPF RTQXKFGU CP QRVKQP VQ
RC[ KH VJG[ YCPV DGVVGT QT OQTG CFXCPEGF UGTXKEGU D[ VJG UCOG UGTXKEG RTQXKFGT (GCVWTG NKOKVCVKQP
UGRCTCVGU HWPEVKQPCNKVKGU KPVQ DCUKE HWPEVKQPCNKV[ YJKEJ CNN WUGTU ECP WUG CPF CFXCPEGF HWPEVKQPCNKV[
YJGTG QPN[ RCKF WUGTU ECP WUG .KOKVKPI VJG CDKNKV[ VQ CEEQORNKUJ EGTVCKP VCUMU KU C capability
limitation 5M[RG C 81+2 UGTXKEG CNNQYU CP[QPG VQ OCMG 81+2 ECNN DGVYGGP EQORWVGTU HQT HTGG
DWV EJCTIGU HQT ECNNU VQ RJQPGU UOU CPF OWNVKRCTV[ EQPHGTGPEG ECNNU )QQING 8QKEG KU C 75DCUGF
81+2 UGTXKEG VJCV CNNQYU HTGG ECNNU CPF UOU VQ 75 RJQPG PWODGTU DWV EJCTIGU HQT KPVGTPCVKQPCN
ECNNU CPF UOU
/QDKNG CRRNKECVKQPU QHVGP QាGT HTGGOKWO KP VJG HQTO QH in-app purchases KP YJKEJ VJG CR
RNKECVKQPU ECP DG FQYPNQCFGF CPF WUGF HQT HTGG DWV CFXCPEGF HGCVWTGU CTG QាGTGF HQT C RTKEG 6JKU
CNUQ KPENWFG eﬀort limitation UWEJ CU 6GORNG 4WP C ICOG KP YJKEJ CNN QT OQUV HGCVWTGU CTG CXCKN
CDNG HQT HTGG DWV TGSWKTG GZVGPFGF WPNQEMKPI QT UNQYN[ QDVCKPGF KPICOG EWTTGPE[ YJKEJ ECP DG
CEEGNGTCVGF QT RWTEJCUGF HQT C HGG
+P UQOG UGIOGPV QH UGTXKEG CFXCPEGF UGTXKEG ECP DG FKាGTGPVKCVGF D[ SWCNKV[ QT quality lim-
itation 5RGEKិE GZCORNGU ECP DG UCKF CDQWV OWUKE UVTGCOKPI UGTXKEGU (TGG WUGTU ECP NKUVGP VQ
OWUKE CV NQYGT SWCNKV[ 
KG DKV TCVGU YJKNG RCKF WUGTU YKNN IGV VJG UCOG UQPI CV JKIJGT SWCNKV[ 1VJGT
UGTXKEGU VJCV URGGF QH UGTXKEGU FGRGPFU QP VJG PGVYQTM URGGF CNUQ GORNQ[ bandwidth limitation
VQ FKាGTGPVKCVG VJGKT UGTXKEG SWCNKV[
6JG EJCNNGPIGU QH HGCVWTG NKOKVGF HTGGOKWOOQFGN KU VQ ETGCVG C IQQF DCNCPEG DGVYGGP VJG DCUKE
CPF CFXCPEGF HWPEVKQPCNKVKGU 6JG DCUKE HWPEVKQPU PGGF VQ DG CDNG VQ EQPXKPEG WUGTU QH VJG SWCNKV[

QH VJG RTQFWEV DWV FQGU PQV RTQXKFG VQQ OWEJ VJCV VJG WUGTU HGGN VJCV VJG[ FQ PQV PGGF VQ RC[ HQT
GZVTC HWPEVKQPU RTQXKFGF HQT VJG RTGOKWO WUGTU
%JTUSJCVUJPO -JNJUFE
&KUVTKDWVKQP NKOKVCVKQP FKUVKPIWKUJGU VJG HTGG CPF RCKF XGTUKQP D[ VJG YC[ VJCV VJG RTQFWEV QT UGTXKEG
KU FKUVTKDWVGF 6JKU UEGPCTKQ KU OQUVN[ HQWPF VQFC[ KP RCEMCIGF UQHVYCTG VJCV KPENWFGU C WUGT NKEGPUG
6JG NKEGPUG QRGP UQWTEG QT EQOOGTEKCN FKEVCVGU VJG WUG ECUGU YJGTG VJG RTQFWEV OC[ DG WUGF CV PQ
EJCTIG CPF VJQUG VJCV TGSWKTG C EQOOGTEKCN TKIJV &GRGPFKPI JQY VJG GPF WUGT QDVCKPU VJG RTQFWEV
CPF YJCV UJG FQGU YKVJ KV KV KU HTGG QT KV EQUVU OQPG[ (QT GZCORNG 6GCO8KGYGT KU C UQHVYCTG VJCV
CNNQYU VJGKT WUGTU VQ CEEGUU CPF EQPVTQN C TGOQVG EQORWVGT XKC )7+ YJKEJ GORNQ[U FKUVTKDWVKQP
NKOKVCVKQP D[ UWRRQTVKPI RGTUQPCN WUG HQT HTGG DWV JCU FKាGTGPV RTGOKWO RCEMCIGU HQT DWUKPGUU
WUGU Seat limitation HTGGOKWO UGTXKEGU CNNQY UQHVYCTG VQ DG QPN[ WUCDNG QP QPG EQORWVGT TCVJGT
VJCP CETQUU C PGVYQTM
# URGEKិE CRRTQCEJ VQ FKUVTKDWVKQP NKOKVCVKQP KU customer class limitation KP YJKEJ UQOG
UGIOGPVU QH WUGTU CTG QាGTGF VJG RTQFWEV HQT HTGG 6JG OQUV EQOOQP UGIOGPV KU GFWECVKQPCN
WUGTU /QUV #WVQFGUM UQHVYCTG YKVJ HWNN HGCVWTGU /CVNCD 6CDNGCW &GUMVQR CTG HTGG HQT UVWFGPVU
# HGY TGCUQPU VQ QាGT RTQFWEVU HQT UVWFGPVU HQT HTGG CTG VQ CNNQY WUGTU YKVJ NKOKVGF RWTEJCUG RQYGT
VQ WUG VJGKT UQHVYCTG CPF QPEG UVWFGPVU YJQ CTG WUGF VQ C UQHVYCTG ITCFWCVG VJG[ CTG NKMGN[ VQ
EQPVKPWG VQ WUG VJG RTQFWEV YJKEJ YKNN TGUWNVU KP UCNGU
4VQQPSU -JNJUFE
5WRRQTV HQT UQHVYCTG ECP EQOG KP OCP[ HQTOU 7UGTU QH C པNKVGཔ XGTUKQP FQ PQV TGEGKXG VGNGRJQPG
CPFQT GOCKN UWRRQTV # FKាGTGPV V[RG QH UWRRQTV KU EWUVQOK\CVKQP QH UQHVYCTG 1RGP UQWTEG
UQHVYCTG CTG QPG QH VJG UWRRQTV NKOKVCVKQP CU GXGT[QPG ECP CEEGUU VJG UQWTEG EQFG /CP[ EQORCPKGU
CTG HQWPFGF VQ RTQXKFG UWRRQTV VQ KORNGOGPV QRGP UQWTEG UQHVYCTG 5QOG QH VJG YGNNMPQYP
UQHVYCTG KPENWFG 2GPVCJQ
9JKNG VJKU NKUV UGRCTCVGU VJG FKOGPUKQPU VJCV HTGGOKWO UGTXKEGU FKាGTGPVKCVG VJGKT HTGG CPF RTG
OKWO UGTXKEGU OCP[ DWUKPGUU QHVGP EQODKPG VJG FKOGPUKQPU VQ ETGCVG J[DTKF HTGGOKWO UGTXKEG
(QT GZCORNG 6CDNGCW C XKUWCNK\CVKQP UQHVYCTG CPF UGTXKEG RTQXKFGU HTGG 6CDNGCW 2WDNKE D[ NKOKV
KPI FKUVTKDWVKQP QH VJG ិPCN XKUWCNK\CVKQP VQ RWDNKE CEEGUU 
PQ RTKXCE[ QT UGEWTKV[ VQ VJG FCVC DWV
RTQXKFGU 6CDNGCW &GUMVQR VJG UCOG UQHVYCTG YJKEJ WUGTU ECP UCXG ិNGU QឺKPG HQT C NKEGPUKPI HGG
#V VJG UCOG VKOG UVWFGPVU ECP IGV 6CDNGCW &GUMVQR HQT HTGG

6JGUG ECP VGNN VJCV OQPGVK\G QH HTGGOKWO UGTXKEG KU TGNCVGF QP YKNNKPI VQ RC[ QH VJG WUGTU YJKEJ
JCU EQPXGTUKQP TCVG CU VJG OCKP OGCUWTGOGPV CPF VJG RTQXKFGT ECP KPETGCUG YKNNKPI VQ RC[ QH VJG
WUGTU D[ OCMG VJG NKOKVCVKQP QH SWCPVKV[ HGCVWTG FKUVTKDWVKQP QT UWRRQTV
 4PDJBM /FUXPSL "OBMZTJT BOE /FUXPSL .BUSJDFT
1PNKPG UQEKCN PGVYQTM 
150 JCU DGEQOG XGT[ RQRWNCT CPF CVVCKPGF C NCTIG WUGT DCUG 6JGTGHQTG
OCP[ DWUKPGUU DGECOG KPVGTGUVGF KP WUKPI 150 KP CFXGTVKUKPI VJGKT UGTXKEGU CPF RTQFWEVU 5QOG
DWUKPGUU JCU ETGCVGF VJGKT QYP 150 HQT VJGKT EWUVQOGTU HQT VJGKT URGEKិE RTQFWEVU VQ RTQXKFG GZVTC
HGCVWTGU HQT VJGKT EWUVQOGTU *QYGXGT FWG VQ VJG NCTIG PWODGT QH WUGTU CPF CEVKXG WUGTU KP 150
VJGTG JCU DGGP OCP[ UVWFKGU VJCV CKOGF VQ ិPF GាGEVKXG VCTIGVGF CFXGTVKUKPI UVTCVGI[ 6JG OCKP
IQCN KU VQ FKUEQXGT VJG WUGTU YJQ JCU JKIJ RTQDCDKNKV[ QH DGKPI RTGOKWO WUGTU (QT GZCORNG VJGTG
YGTG UVWFKGU VJCV HQWPF RGGT RTGUUWTG VQ NKPM VQ VJG RTQDCDKNKV[ QH DGKPI RTGOKWO WUGTU 6JCV KU
WUGTU VJCV CTG HTKGPFU YKVJ RTGOKWO WUGTU JCXG JKIJ RTQDCDKNKV[ QH DGKPI RTGOKWO WUGTU /QTGQXGT
UQEKCN KPVGTCEVKQPU UWEJ CU YJGP RTGOKWO WUGTU HCXQTKVG QT EQOOGPV QP RJQVQU KP ីKEMT CNUQ
KPETGCUG RTQDCDKNKV[ QH DGKPI RTGOKWO WUGTU =  ? 6JGTGHQTG KH YG ECP KFGPVKH[ VJG WUGTU
YJQ JCXG RQVGPVKCN KP KPីWGPEKPI QVJGT WUGTU VQ EJCPIG OGODGT UVCVWU YG ECP ETGCVG CP GាGEVKXG
UVTCVGI[ HQT VCTIGV OCTMGVKPI YKVJ UWEJ WUGT ITQWR 6JG PGVYQTM RQUKVKQP KP CFFKVKQP VQ UQOG RTKXCVG
KPHQTOCVKQP ECP DG WUGF VQ RTGFKEV VJG CDKNKV[ VQ KPីWGPEG VJGKT PGKIJDQTU =?
#P CPCN[UKU QH 150 YJKEJ JCU ICKPGF VTCEVKQP PQYCFC[U KU 5QEKCN 0GVYQTM #PCN[UKU 
50#
=? YJKEJ WVKNK\GU VJGQTKGU HTQO 0GVYQTM 
YJKEJ KU RCTV QH )TCRJ VJGQT[ VQ CPCN[\G TGNCVKQPUJKRU
YKVJKP 150 7UGTU QT QDLGEVU KP 150 CTG TGRTGUGPVGF YKVJ PQFGU CPF TGNCVKQPUJKRU CTG TGRTGUGPVGF
YKVJ GFIGU DGVYGGP EQTTGURQPFKPI PQFGU TGUWNVKPI KP C DKI ITCRJ TGRTGUGPVKPI VJG GPVKTG 150
/GVTKEU QH VJG TGUWNVGF ITCRJU ECP DG ECNEWNCVGF YJGTG GCEJ PQFG CPF GCEJ GFIG ECP JCU VJGKT
QYP OGVTKEU (QT GZCORNG VJG OQUV GាGEVKXG RGTUQP VQ URTGCF KPHQTOCVKQP KP VJG PGVYQTM ECP DG
HQWPF =? 5VTWEVWTG JQNGU CTG C OGVTKE VJCV NQQMU HQT C PQFG VJCV KH TGOQXGF HTQO VJG PGVYQTM
VJG PWODGT QH ENWUVGTU KP VJG PGVYQTM YKNN KPETGCUG =? &CVC XKUWCNK\CVKQP ECP CNUQ DG WUGF VQ
HWTVJGT WVKNK\G VJKU FCVC

%JCRVGT 
SOCIAL DYNAMIC USE-DIFFUSSION OF PREMIUM SERVICE IN
SUBSCRIPTION BASED ONLINE MUSIC STREAMING FREEMIUM
SERVICE
6JKU EJCRVGT RTQRQUGU C UQEKCN F[PCOKE WUGFKាWUKQP OQFGN YJKEJ KU KORTQXGF HTQO F[PCOKE
WUG FKាWUKQP OQFGN=? D[ KPXGUVKICVGU VGEJPQNQI[ CFQRVKQP CPF WUCIG DGJCXKQT KP QPNKPGUQEKCN
PGVYQTM DCUGF HTGGOKWO UGTXKEGU YJKEJ KU FGUETKDGF KP UGEVKQP CPF  CPF  #U VJG WUG
FKាWUKQP OQFGN HQEWUGF QP VGEJPQNQI[ FGXKEGU UWEJ CU EQORWVGT=? VCDNGV=? CPF UOCTV RTQF
WEVU=? VJG FGVGTOKPCPVU FQ PQV ិV VQ CPCN[\G VJG QPNKPGUQEKCNPGVYQTM DCUGF HTGGOKWO UGTXKEGU
6JKU RCRGT OQFKិGF FGVGTOKPCPVU CPF KPFGZ KP F[PCOKE WUG FKាWUKQP OQFGN=? D[ ETGCVKPI
J[RQVJGUGU CDQWV TGNCVKQPUJKRU DGVYGGP UQEKCN PGVYQTM OGVTKEU UWEJ CU FGITGG CPF ENWUVGTKPI EQ
GឹEKGPV CPF WUGF RCVVGTPU QH RTGOKWO UGTXKEG 'ORKTKECN FCVC HTQO NCUVHO C INQDCN EQORCP[
VJCV RTQXKFG VJG QPNKPG OWUKE UVTGCOKPI UGTXKEG UKPEG  YCU WUGF VQ CUUGUU VJG TGITGUUKQP OQF
GNU &CVC YCU EQNNGEVGF CV VJTGG VKOG RQKPVU #WI  ,WP  CPF &GE  YJKEJ CNNQY WU
VQ EQPUVTWEV JKUVQT[ QH UWDUETKRVKQP UVCVWU QH WUGTU CPF VJGKT HTKGPFU 6JG PGVYQTM QH WUGTU YGTG
CNUQ EQPUVTWEVGF VQ ECNEWNCVG PGVYQTM OGVTKEU QH WUGTU #EVKXKVKGU QH WUGTU YGTG OGCUWTGF WUKPI
VJG PWODGT QH UQPIU VJCV VJG WUGT NKUVGPGF VQ YJKEJ KU OCKP WUCIG QH VJG OWUKE UVTGCOKPI UGTXKEG
6JG UWDUETKRVKQP UVCVWU KP GCEJ VKOG RQKPV QH VJG WUGTU CTG WUGF CU DQVJ WUCIG DGJCXKQT CPF VJG
RTQZ[ QH VJG QWVEQOG 1PG NKPGCT TGITGUUKQP OQFGN CPF VYQ NQIKV TGITGUUKQP OQFGNU YGTG RTQRQUGF
VQ CPCN[\G VJG UWDUETKRVKQP UVCVWU QH CV VJG NCUV VKOG RQKPV QH WUGTU 6JG TGUWNV QH VJG TGITGUUKQPU
UWRRQTV VJG J[RQVJGUGU YJKEJ OGCPU VJG OQFKិECVKQP QH VJG OQFGN KU UWRRQTVGF
 *OUSPEVDUJPO
(TGGOKWO JCU DGGP C RQRWNCT DWUKPGUU OQFGN HQT FKIKVCN RTQFWEVU CPF UGTXKEGU KP VJG RCUV FGECFG
GURGEKCNN[ HQT VJG UGTXKEGU VJCV CTG RTQXKFGF VJTQWIJ VJG +PVGTPGV (TGGOKWO UGTXKEGU QាGT VJGKT
EQTG HGCVWTGU VQ EWUVQOGTU HQT HTGG CPF EJCTIG OQPG[ HQT RTGOKWO HGCVWTGU (QT GZCORNG UQOG
RTQXKFGTU RTQXKFG QPN[ DTQYUGT DCUGF QPNKPG EQPVGPVU HQT HTGG DWV CNUQ RTQXKFG VJG OQDKNG FG
XKEG DCUGF QPNKPG EQPVGPVU CPF QឺKPG EQPVGPVU HQT RTGOKWO HGCVWTGU 1PG MG[ UWEEGUU HCEVQT QH
HTGGOKWO UGTXKEGU KU VJG DPOWFSTJPO SBUF YJKEJ KU VJG TCVKQ QH VJG PWODGT QH RTGOKWO WUGTU VQ VJG

VQVCN PWODGT QH WUGTU %QPXGTUKQP TCVG UJQYU VJG CDKNKV[ VQ EQPXGTV HTGG WUGTU VQ RTGOKWO WUGTU
YJKEJ IGPGTCVG TGXGPWG VJTQWIJ VJG WUCIG QH RTGOKWO RTQFWEVUGTXKEG 6JKU EQPXGTUKQP TCVG FK
TGEVN[ CាGEVU VJG KPEQOG QH VJG DWUKPGUU FWG VQ VJG KPEQOG QH HTGGOKWO DWUKPGUU ECP DG ECNEWNCVGF
HTQO VJG RTQFWEV QH VJG VQVCN PWODGT QH WUGTU VKOGU VJG EQPXGTUKQP TCVG VKOGU VJG CXGTCIG KPEQOG
RGT RTGOKWO WUGT +P VJKU TGUGCTEJ WUGTU ECP DG FKXKFGF D[ UWDUETKRVKQP UVCVWU KPVQ HTGG WUGTU CPF
RTGOKWO WUGTU $QVJ V[RG QH WUGTU CTG UGTXKEG CFQRVGTU CPF VJG WUCIG YCU FGVGTOKPGF D[ PWO
DGT QH OWUKE VJCV WUGT NKUVGPKPI VQ # NCTIG DQF[ QH TGUGCTEJ JCXG UVWFKGF VJG HCEVQTU VJCV CាGEV
WUGTཐU EQPXGTUKQP HTQO HTGG WUGT VQ RTGOKWO WUGT YJKEJ KPENWFG FKាGTGPEG DGVYGGP RTKXKNGIGU QH
HTGG CPF RTGOKWO WUGTU = ? WUGTཐU WUCIG TCVGU = ? RGGT KPីWGPEG =? GVE 6JG V[R
KECN EQPXGTUKQP TCVG KP HTGGOKWO DWUKPGUU KU SWKVG UOCNN YJKEJ KU  9JKNG TGUGCTEJGTU JCXG
UVWFKGF HCEVQTU VJCV YQWNF GPEQWTCIG HTGG WUGTU VQ EQPXGTV VQ RTGOKWO WUGTU NKVVNG KU MPQYP CDQWV
HCEVQTU VJCV OCMG RTGOKWO WUGTU WPUWDUETKDG KP HTGGOKWO UGTXKEGU 6JKU EJCRVGT CNUQ GZRNQTGU
UWEJ HCEVQTU
9JKNG RTGOKWO WPUWDUETKDGU KP UWDUETKRVKQPDCUGF HTGGOKWO UGTXKEGU JCXG PQV DGGP YKFGN[
TGUGCTEJGF UVWFKGU TGNCVGF VQ WUGTU FTQRRKPI QWV QH C UGTXKEG CTG PQV PGY +P VTCFKVKQPCN DWUKPGUU
OQFGNU EJWTP TCVGU CTG TGHGTGGF VQ VJG TCVGU CV YJKEJ WUGTU UVQRU UWDUETKDKPI HTQO C UGTXKEG %JWTP
OCPCIGOGPV CPF RTGFKEVKQP JCXG DGGP GZVGPUKXGN[ GZRNQTGF HQT OQDKNG PGVYQTM UGTXKEGU = ?
CPF KPVGTPGV UGTXKEG RTQXKFGTU =? &GEKUKQPU VQ UVQR UWDUETKRVKQP KP VTCFKVKQPCN DWUKPGUU KU FKាGTGPV
HTQO HTGGOKWO DWUKPGUU DGECWUG VJG CDUGPV QH UWDUETKRVKQP KP VTCFKVKQPCN DWUKPGUU OGCPU PQ CEEGUU
VQ VJG UGTXKEG DWV WUGTU KP HTGGOKWO UGTXKEGU EQWNF CEEGUU UQOG HGCVWTGU QH VJG UGTXKEG (QT
GZCORNG WPUWDUETKDGF NCUVHO WUGTU CTG CDNG VQ NKUVGP VQ HTGG OWUKE DWV ECPPQV NKUVGPKPI VQ RTGOKWO
TCFKQU YJKEJ ECP DG NKUVGPGF YJKNG UWDUETKDGF 6Q VJG DGUV QH QWT MPQYNGFIG VJGTG KU PQ UVWFKGU QH
EJWTP QP RTGOKWO UGTXKEG QH HTGGOKWO DWUKPGUU 1P VJG QVJGT JCPF VJGTG CTG OWNVKRNG CRRTQCEJGU
VQ OQPGVK\KPI HTGGOKWO UGTXKEGU KPENWFKPI UWDUETKRVKQP CPF KPCRR RWTEJCUGU &GVGEVKQP CPF
RTGFKEVKQP QH EJWTPGTU KP HTGGOKWOYJKEJ GORNQ[GF KPCRR RWTEJCUG VQOQPGVK\G JCU DGGP GZRNQTGF
HQT QPNKPG ICOGU =  ? *QYGXGT VJGUG UVWFKGU CNUQ RTGFKEV CPF FGVGEV ECUGU YJGP WUGTU UVQR
WUKPI VJG UGTXKEGU KPUVGCF QH UVQR RC[KPI HQT VJG UGTXKEGU YJKEJ KU FKាGTGPV HTQO YJGP RTGOKWO
WUGTU KP UWDUETKRVKQPDCUGF HTGGOKWO UGTXKEGU UVQRU RC[KPI HQT UWDUETKRVKQP 6JGTGHQTG RTGOKWO
WPUWDUETKDGU KP HTGGOKWO UGTXKEGU PGGF VQ DG HWTVJGT GZRNQTGF
6JG F[PCOKE WUGFKាWUKQP OQFGN =? YJKEJ ECP GZRNCKP CDQWV UCVKUHCEVKQP QH VGEJPQNQI[ WU
CIG CPF WUGF VQ CPCN[\GF VJG FKាGTGPEG QH WUCIG QH RGTUQPCN EQORWVGT KP  EQWPVTKGU YCU OQFKិGF
D[ CFFKPI VJG UQEKCN PGVYQTM OGVTKEU CPF UWDUETKRVKQP JKUVQT[ 6JG J[RQVJGUGU CDQWV TGNCVKQP DG

VYGGP UQEKCN PGVYQTM OGVTKEU CPF RCVVGTP QH RTGOKWO UGTXKEG WUCIG CTG EQPUVTWEVGF CPF GORKTKECN
FCVC HTQO NCUVHO YJKEJ KU CP QPNKPG OWUKE UVTGCOKPI UGTXKEG KU WUGF VQ XGTKH[ VJG J[RQVJGUGU CPF
VGUV VJG OQFGNU 6JG TGUWNVU UJQY VJCV VJG RTQRQUGF RCTCOGVGTU ECP DG WUGF CU VJG FGVGTOKPCPVU
CPF KPFGZ KP VJG F[PCOKE WUG FKាWUKQP OQFGN =? YJKEJ ECP KORTQXG VJG OQFGN
 3FMBUFE 8PSLT
 5FDIOPMPHZ BEPQUJPO BOE VTF EJઢVTJPO
6JGTG CTG OCP[ UVWFKGU CDQWV FGEKUKQP QH RTQFWEV CPF VGEJPQNQI[ CFQRVKQP CPF FKាWUKQP 4QIGTUཐU
&KាWUKQP QH +PPQXCVKQP 
&Q+ YJKEJ KU QPG QH VJG OQUV TGHGTTGF UVWF[ FGUETKDGF KPPQXCVKQP
CFQRVGTU EQOOWPKECVKQP EJCPPGNU VKOG CPF UQEKCN PGVYQTM CU  GNGOGPVU QH VJG VJGQTGO 6JG
KPPQXCVKQP URTGCF VQ VJG CFQRVGTU VJTQWIJ VJG EQOOWPKECVKQP EJCPPGNU QH VJG UQEKCN PGVYQTM D[
VKOG &Q+ UGRCTCVGF VJG FGEKUKQP KPVQ  UVGRU CU MPQYNGFIG RGTUWCUKQP FGEKUKQP KORNGOGPVCVKQP
CPF EQPិTOCVKQP 'CEJ CFQRVGT JCXG QYP FGEKUKQP RTQEGUU YJKEJ UVCTV HTQO IGV VJG KPHQTOCVKQP
KP MPQYNGFIG RTQEGUU CPF EQORCTG VQ QVJGT EJQKEGU KP RGTUWCUKQP RTQEGUU +H VJG CFQRVGT FGEKFG VQ
CFQRV VJG KPPQXCVKQP KP FGEKUKQP RTQEGUU CFQRVKQP YKNN DG FQPG KP VJG KORNGOGPVCVKQP RTQEGUU CPF
EQPិTOGF VJG TGUWNVU KP EQPិTOCVKQP RTQEGUU 6JGUG RTQEGUUGU YKNN VCMG VKOG FGHGTGPEG KP GCEJ
CFQRVGT YJKEJ OCFG VJG VJGQT[ FKXKFG VJG CFQRVGTU KPVQ  ITQWRU CU KPPQXCVQTU GCTN[ CFQRVGTU
GCTN[ OCLQTKV[ NCVG OCLQTKV[ CPF NCIICTFU
5QEKCN EQIPKVKXG VJGQT[ =  ? GZRNCKP VJG KPHQTOCVKQP TGEGKXGF RTQEGUU HTQO UQEKCN PGV
YQTM D[ FKXKFG VJG EQIPKVKXG RTQEGUUGU KPVQ  UVGRU CU CVVGPVKQP TGVGPVKQP TGRTQFWEVKQP CPF OQVK
XCVKQP 6JG KPHQTOCVKQP KU TGEGKXGF KP CVVGPVKQP UVGR CPF TGRGCVGF TGEGKXKPI KP TGVGPVKQP UVGR #HVGT
VT[ KP TGRTQFWEVKQP UVGR CPF WPFGTUVCPF VJG TGUWNVU VJG NGCTPGT YKNN DG OQVKXCVGF KP OQVKXCVKQP UVGR
6JGUG UVGRU KU ENQUG VQ FGEKUKQP RTQEGUUGU KP &Q+ YKVJQWV FGEKUKQP UVGR
6Q WPFGTUVCPF CP KPFKXKFWCN FGEKUKQP OCMKPI #L\GP CPF (KUJDGKP RTQRQUGF VJCV CVVKVWFG CPF
UWDLGEVKXG PQTO CាGEVGF DGJCXKQTCN KPVGPVKQP KP VJGQT[ QH TGCUQPGF CEVKQP
64# =? CPF RGTEGKXGF
DGJCXKQTCN EQPVTQN VJCV EQPVTQN KPVGPVKQP QH DGJCXKQT YCU CFFGF D[ #L\GP KP VJGQT[ QH RNCPGF DG
JCXKQT
62$ = ? 6JG CVVKVWFGU KU C RGTUQPཐU QRKPKQP CDQWV DGJCXKQT CPF UWDLGEVKXG PQTO KU
RGTEGKXGF UQEKCN RTGUUWTG YJKNG RGTEGKXGF DGJCXKQTCN EQPVTQN KU C RGTEGKXGF FKឹEWNV[ QH RGTHQTO
KPI VJG DGJCXKQT 6JGUG CាGEV VJG KPVGPVKQP VQ RGTHQTO DGJCXKQT CPF VJG KPVGPVKQP ECP DG WUGF CU
VJG RTGFKEVQT QH DGJCXKQT RGTHQTOKPI
6GEJPQNQI[ #EEGRVCPEG/QFGN
6#/ = ? CRRN[ VJG 64# VQ GZRNCKP VJG KPPQXCVKQP CFQR
VKQP DGJCXKQT VJCV CាGEVGF D[ CVVKVWFG CPF RGTEGKXGF QH WUGHWNPGUU #VVKVWFG CTG CាGEVGF D[ RGT

EGKXGF QH WUGHWNPGUU CPF RGTEGKXGF GCUGQHWUG YJGTG RGTEGKXGF QH WUGHWNPGUU KU CាGEVGF D[ RGT
EGKXGF GCUGQHWUG CPF GZVGTPCN HCEVQTU #PF RGTEGKXGF GCUGQHWUG KU CាGEVGF D[ GZVGTPCN HCEVQTU
VQQ
6Q GZRNCKP GZVGTPCN HCEVQTU VJGTG CTG 5QEKCN KFGPVKV[ VJGQT[ =? YJKEJ VGNNU VJCV VJG UQEKCN
DGJCXKQT YKNN XCT[ CNQPI C EQPVKPWWO DGVYGGP KPVGTRGTUQPCN DGJCXKQT CPF KPVGTITQWR DGJCXKQT CPF
RWTGN[ KPVGTRGTUQPCN QT RWTGN[ KPVGTITQWR DGJCXKQT KU WPNKMGN[ VQ DG HQWPF 6QIGVJGT KPFKXKFWCNU CTG
KPVTKPUKECNN[ OQVKXCVGF VQ CEJKGXG RQUKVKXG FKUVKPEVKXGPGUU 5GNHECVGIQTK\CVKQP VJGQT[ =? YJKEJ
KU TGNCVGF VQ UQEKCN KFGPVKV[ VJGQT[ GZRNCKPGF VJG ITQWRKPI ECVGIQTK\CVKQP CPF NGXGNKPI VJG ITQWR D[
VJG FKាGTGPEG DGVYGGP VJG KPFKXKFWCN CPF VJG QVJGTU KP VJG ITQWR CU VJG OQTG FKាGTGPEG VJG NQPIGT
FKUVCPEG DGVYGGP VJG KPFKXKFWCN CPF VJG ITQWR 6JGUG  VJGQTKGU ECP VGNN VJG RQYGT HTQO VJG UQEKCN
PGVYQTM UGRCTCVGF D[ ITQWR QH UQWTEG KPHQTOCVKQP CPF VJG KPVGPV DGJCXKQT QH VJG KPFKXKFWCN
+P VJG EQPិTOCVKQP RTQEGUU VJGTG KU VJG GZRGEVCPE[ VJGQT[ =? YJKEJ GZRNCKP VJCV VJG DG
JCXKQT KU OQVKXCVGF D[ GZRGEVCVKQP QH TGYCTFU HTQO RGTHQTOKPI VJG DGJCXKQT 9KVJ  GNGOGPVU CU
GZRGEVCPE[ YJKEJ KU DGNKGXG QH GាQTV YKNN TGUWNV RGTHQTOCPEG KPUVTWOGPVCNKV[ YJKEJ KU DGNKGXG QH
RGTHQTOCPEG YKNN TGUWNV TGYCTF QP QWVEQOG CPF XCNGPEG YJKEJ KU XCNWCVKQP QH VJG TGYCTF 'ZRGE
VCVKQP EQPិTOCVKQP VJGQT[ QT GZRGEVCVKQP FKUEQPិTOCVKQP VJGQT[ = ? GZRNCKP RQUVRWTEJCUG
QT RQUVCFQRVKQP UCVKUHCEVKQP CU C FKាGTGPEG QH GZRGEVCVKQPU CPF RGTEGKXGF RGTHQTOCPEG YJKEJ
OCMG C FKUEQPិTOCVKQP QH DGNKGHU CPF EQPENWFGF KPVQ UCVKUHCEVKQP 6JGUG VYQ VJGQT[ GZRNCKP VJG
EQPិTOCVKQP RTQEGUU CU VJG EQORCTKUQP QH GZRGEVGF XCNWG ETGCVGF HTQO VJG KPHQTOCVKQP VJCV TG
EGKXGF HTQO UQEKCN PGVYQTM VJTQWIJ EQOOWPKECVKQP EJCPPGN DGHQTG CFQRVKQP CPF RGTEGKXGF XCNWG
CHVGT CFQRVKQP
5JKJ CPF 8GPMCVGUJ RTQRQUGF WUGFKាWUKQP OQFGN VJCV UJQYU TGNCVKQP DGVYGGP FGVGTOKPCPVU
CPF RCVVGTPU CPF QWVEQOGU QH KPPQXCVKXG RTQFWEVU CPF UGTXKEGU WUCIG =? 7UGTU YCU FKXKFGF
KPVQ  ITQWRU CU KPVGPUG WUGTU URGEKCNK\GF WUGTU PQPURGEKCNK\GF WUGTU CPF NKOKVGF WUGTU D[ TCVG QH
WUG CPF XCTKGV[ QH WUG CU KP 6CDNG  7UG RCVVGTPU CTG GាGEVGF D[ FGVGTOKPCPVU CPF VJG QWVEQOG
KU TGUWNVU QH 7& RCVVGTPU 9JGTG 7& FGVGTOKPCPVU ECP DG FKXKFGF KPVQ  FKOGPUKQP CU JQWUG
JQNF UQEKCN EQPVGZV VGEJPQNQIKECN FKOGPUKQP RGTUQPCN FKOGPUKQP CPF GZVGTPCN FKOGPUKQP 6JKU
OQFGN YCU EQPិTOGF CPF WUGF VQ GZCOKPG XCTKGU WUCIG QH RTQFWEVU CPF UGTXKEGU UWEJ CU OQDKNG )
UGTXKEG =? DTQCFDCPF +PVGTPGV =? +268 =   ? J[RGTOCTMGV =? CPF FKIKVCN
NKDTCT[ =?
7UGFKាWUKQPOQFGN =? WUG KPHQTOCVKQP QPN[ HTQO QPG VKOG RQKPV YJKEJ ECPPQV KPENWFG VKOG
GាGEV KPVQOQFGN UQ 5JKJ GV CN KORTQXGF VJGOQFGN VQ VCMG UWEJ GាGEV D[ TGRNCEGF7& RCVVGTPU YKVJ

Table 3.1: 7UGTU ITQWR KP WUGFKាWUKQP OQFGN
NQY TCVG QH WUG JKIJ TCVG QH WUG
JKIJ XCTKGV[ QH WUG 0QPURGEKCNK\GF 7UGTU +PVGPUG 7UGTU
NQY XCTKGV[ QH WUG .KOKVGF WUGTU 5RGEKCNK\GF 7UGTU
F[PCOKE WUG FKាWUKQP KPFGZ 
7&+ CPF CFFGF UCVKUHCEVKQP CU ិPCN QWVEQOG CPF WUGF VJG OQFKិGF
OQFGN VQ CPCN[\G CPF EQORCTG VJG WUCIG QH RGTUQPCN EQORWVGT KP 7PKVGF 5VCVGU 5YGFGP CPF +PFKC
6JG TGUWNVU UJQY VJCV KP +PFKC YJKEJ JCU UJQTVGUV WUGF RGTKQF JCXG RQUKVKXG TGNCVKQP DGVYGGP WUCIG
CPF UQEKCN UVCVWU
 *ODSFBTJOH 'SFFNJVN $POWFSTJPO 3BUFT
6JGTG KU C DQF[ QH TGUGCTEJ VJCV UVWFKGU VJG HCEVQTU VJCV CាGEV EQPXGTUKQP TCVGU (CEVQTU VJCV JCXG
DGGP HQWPF VQ CាGEV EQPXGTUKQP TCVGU KPENWFG VJG COQWPV QH KPVGTCEVKQPU YKVJ QVJGT WUGTU CPF VJG
COQWPV QH UGTXKEG WUCIG = ? VJG FKាGTGPEG DGVYGGP RTKXKNGIGU QH HTGG CPF RTGOKWO WUGTU
= ? GCUG QH WUG QH VJG RTQFWEVUGTXKEG =? V[RG QH HTGGOKWO UGTXKEG 
VKOGNQEM HGCVWTG
NQEM J[DTKF WPKHQTO UGGFKPI = ? RTKEGU  FWTCVKQP CPF SWCNKV[ QH UGTXKEG =?
'PFGTU GV CN =? RTQRQUGF UVTCVGIKGU VQ GCTP KPEQOG HQT UQEKCN PGVYQTMKPI UKVGU KP VGTOU QH C
NQPI VCKN OQFGN 
C OQFGN YJGTG C NQV QH WUGTU JCU NQY UGTXKEG WUCIG CPF C UOCNN PWODGT QH WUGTU JCU
JKIJ UGTXKEG WUCIG TGUWNVKPI KP C RQYGT NCY ITCRJ QH VJG COQWPV QH UGTXKEG WUCIG VQ VJG PWODGT QH
WUGTU 5QEKCN PGVYQTMKPI UKVGU YGTG UVWFKGF CPF VJGKT KPEQOG OQFGNU YGTG ECVGIQTK\GF KPVQ VJTGG
ECVGIQTKGU  CFXGTVKUKPI UWDUETKRVKQP CPF VTCPUCEVKQP 6JG TGXGPWG FTKXGTU HQT CNN VJTGG OQFGNU YGTG
VJG PWODGT QH WUGTU YKNNKPIPGUU VQ RC[ CPF VTWUV KP UGTXKEG (QT UWDUETKRVKQP OQFGN YKNNKPIPGUU
VQ RC[ KU VJG OQUV KORQTVCPV FTKXGT 6JG UVTCVGI[ RTQRQUGF HQT KPETGCUKPI KPEQOG HQT UWDUETKRVKQP
OQFGN KU VQ HCVVGP VJG VCKN D[ GPEQWTCIKPI WUGTIGPGTCVGF EQPVGPVU KPETGCUKPI UKVG CEVKXKVKGU CPF ETG
CVKPI FKាGTGPV UWDUETKRVKQPU DCUGF QP VJG FGOCPFU CPF COQWPV QH WUCIG QH VJG WUGTU +P HTGGOKWO
DWUKPGUU OQFGN VJCV WUGU UWDUETKRVKQP HQT VJGKT RTGOKWO UGTXKEGU VJG RTQRQUGF UVTCVGI[ VQ KPETGCUG
KPEQOG KU VQ HCVVGPKPI VJG VCKN YJKEJ KU C YC[ VQ KPETGCUG EQPXGTUKQP TCVG 6JGTGHQTG 'PFGTU GV CN
=? RTQRQUGF C YC[ VQ KPETGCUG EQPXGTUKQP TCVG DWV VJG UVWF[ FKF PQV KPENWFG QT WUG VJG UVTWEVWTG
QH UQEKCN PGVYQTM QT PGVYQTM RQUKVKQPKPI KP C OGCPKPIHWN YC[

.QRGU CPF )CNNGVVC =? UVWFKGF RGTEGRVKQP CPF YKNNKPIPGUU VQ RC[ HQT QPNKPG EQPVGPVU WUKPI
SWGUVKQPPCKTGU VJCV CFFTGUU HCEVQTU CាGEVKPI FGEKUKQP VQ RC[ HQT QPNKPG EQPVGPVU #PUYGTU HTQO
 UVWFGPVU YGTG WUGF VQ EQPUVTWEV C OQFGN VJCV GZRNCKPU VJG TGNCVKQPUJKR DGVYGGP RGTEGRVKQP QH
TGRWVCVKQP RGTEGRVKQP QH VGEJPKECN SWCNKV[ GZRGEVGF DGPGិV CPF YKNNKPIPGUU VQ RC[ 6JG TGUWNVU
UJQY VJCV RGTEGRVKQP QH TGRWVCVKQP KU C RTGFKEVQT QH DQVJ RGTEGRVKQP QH VGEJPKECN SWCNKV[ CPF GZ
RGEVGF DGPGិV 2GTEGRVKQP QH VGEJPKECN SWCNKV[ KU C RTGFKEVQT QH GZRGEVGF DGPGិV CPF GZRGEVGF
DGPGិV KU C RTGFKEVQT QH YKNNKPIPGUU VQ RC[ 9JKNG .QRGU CPF )CNNGVVC =? FKF PQV FKTGEVN[ UVWF[
EQPXGTUKQP TCVG VJG[ RTQRQUG C OQFGN VJCV CTG RTGFKEVQTU QH YKNNKPIPGUU VQ RC[ 6JGTGHQTG VJG[
UVWFKGF VJG FGEKUKQP VQ RC[ HQT QPNKPG EQPVGPVU YJKEJ ECP DG CRRNKGF VQ UGTXKEGU KP HTGGOKWO OQFGN
YJKEJ CTG OQUVN[ UGTXKEGU VJCV QាGT QPNKPG EQPVGPVU *QYGXGT UQEKCN PGVYQTM YCU PQV KPENWFGF KP
=? UQ UQEKCN PGVYQTM HQT VJKU EQPVGZV ECP DG HWTVJGT GZRNQTGF
&QGTT GV CN =? UVWFKGF HCEVQTU KPីWGPEKPI YKNNKPIPGUU VQ RC[ HQT OWUKE CU C UGTXKEG 
/CC5 D[
OGCPU QH SWGUVKQPPCKTGU YKVJ TGURQPUG HTQO  WUGTU QH /CC5 (TQO VJG SWGUVKQPPCKTG TGURQPUGU
HCEVQTU KPីWGPEKPI YKNNKPIPGUU VQ RC[ YGTG GXCNWCVGF 6JG TGUWNVU UJQY VJCV HCEVQTU VJCV JCXG PGI
CVKXG KPីWGPEG QP YKNNKPIPGUU VQ RC[ CTG RTKEGU CPF FWTCVKQP QH UWDUETKRVKQP (CEVQTU VJCV JCXG
RQUKVKXG GាGEVU QP YKNNKPIPGUU VQ RC[ CTG UQWPF SWCNKV[ QឺKPG HGCVWTG HQT NKUVGPKPI VQ OWUKE KP
DTQYUGT RNC[GT HGCVWTG HQT GFKVKPI OWUKE OQDKNG CRRNKECVKQP CXCKNCDKNKV[ CPF EQOOWPKV[ HGCVWTGU
6JG YQTM QH &QGTT GV CN =? JCU EQPិTOGF VJG RQUKVKXG KPីWGPEG QH EQOOWPKV[ QT UQEKCN PGVYQTM
QP VJG FGEKUKQP VQ RC[ HQT RTGOKWO OWUKE UVTGCOKPI UGTXKEG KP HTGGOKWO OQFGN *QYGXGT PQ
OQFGN HQT RTGFKEVKPI EQPXGTUKQP TCVG YCU RTQRQUGF #NUQ VJG HCEVQT CDQWV VJG RQUKVKQPU QH WUGTU KP
VJG PGVYQTM YCU PQV KPENWFGF KP VJG UVWF[ QH HCEVQTU CាGEVKPI VJG YKNNKPIPGUU VQ RC[
 3FMBUJPO XJUI 4PDJBM /FUXPSL "OBMZTJT BOE /FUXPSL .FUSJDT
-CVQPC GV CN =? ETGCVGF RTGFKEVKQP OQFGNU QH FKាWUKQP RTQEGUU QH VGEJPQNQI[ CFQRVKQP HTQO UQ
EKCN PGVYQTM FCVC CPF EQORCTGF VJG RTGFKEVKQP CEEWTCE[ DGVYGGP C OQFGN VJCV WUKPI UQEKCN PGVYQTM
OGVTKEU VQ C OQFGN VJCV WUGU LWUV FGOQITCRJKE KPHQTOCVKQP 6JG UQEKCN PGVYQTM FCVC YCU QDVCKPGF
HTQO C RQRWNCT UQEKCN PGVYQTM UKVG 6YQ RGTKQFU QH WUGT CPF HTKGPFUJKR FCVC YGTG ECRVWTGF KP VJKU
UVWF[ +P VJG ិTUV RGTKQF FCKN[ FCVC YGTG QDVCKPGF HQT  [GCTU 
 FC[U TGUWNVKPI KP FCVC
HTQO  WUGTU 6JGP  [GCTU NCVGT VJG UGEQPF RGTKQF QH FCVC YGTG ECRVWTGF CU C UPCRUJQV QH
HTKGPFUJKR FCVC QH VJG UCOG WUGTU YJKEJ EQPVCKPU  CFFKVKQPCN WUGTU 6JG UGEQPF RGTKQF QH
FCVC YGTG WUGF CU C ITQWPF VTWVJ HQT JQY WUGTU CFQRV VJKU VGEJPQNQI[ -CVQPC GV CN =? ETGCVGF
C RTGFKEVKQP OQFGN WUKPI PGVYQTM RQUKVKQP VQ RTGFKEV JQY WUGTU CFQRV VJG VGEJPQNQI[ 6JG TGUWNVU

UJQY VJCV WUKPI UQEKCN PGVYQTM RTQRGTVKGU YJKEJ KPENWFG FGITGGU ENWUVGTKPI EQGឹEKGPVU CPF NQECN
DGVYGGPPGUU VQIGVJGT YKVJ FGOQITCRJKE KPHQTOCVKQP QH WUGTU 
IGPFGT CIG CPF FGPUKV[ QH RQRW
NCVKQP QH VJG WUGTUཐ EKVKGU KPETGCUGU VJG CEEWTCE[ QH RTGFKEVKQP  VQ  HTQO VJG OQFGN VJCV
WUGU LWUV FGOQITCRJKE KPHQTOCVKQP 'XGP VJQWIJ -CVQPC GV CN =? FKF PQV EQPFWEV VJGKT UVWF[ QP
HTGGOKWO OQFGN DWV EQPXGTVKPI HTQO HTGG WUGTU VQ RTGOKWO WUGTU KU C HQTO QH VGEJPQNQI[ CFQR
VKQP 6JGTGHQTG -CVQPC GV CN =?ཐU YQTM YCU CRRNKGF VQ RTGFKEV JQY WUGTU YQWNF EJCPIG UGTXKEGU
NGXGN D[ WUKPI UQEKCN PGVYQTM OGVTKEU 5RGEKិECNN[ KP HTGGOKWO UGTXKEGU VJCV UQEKCN PGVYQTM FCVC
QH WUGTU CTG CXCKNCDNG VJG RC[ WUGTU KP VJKU UVWF[ YCU EQORCTGF VQ CFQRVGF WUGTU KP -CVQPC GV CN
=? CPF HTGG WUGTU YCU EQORCTGF VQ PQPCFQRVGF WUGTU
9CPI CPF %JKP =? UVWFKGF VJG TGNCVKQPUJKRU RGGT RTGUUWTG VQ VJG RTQDCDKNKV[ QH DGKPI C RC[
WUGT 2GGT RTGUUWTG KP VJKU UVWF[ KPENWFGU UQEKCN EQPPGEVKQPU 
VJG RGTEGPVCIG QH HTKGPFU VJCV CTG
RC[ WUGTU CPF UQEKCN KPVGTCEVKQPU 
VJG RGTEGPVCIG QH RGQRNG VJCV KPVGTCEV YKVJ VJKU WUGT VJCV CTG
RC[ WUGTU &CVC WUGF KP VJKU UVWF[ CTG HTQO .CUV(/ CPF (NKEMT VJCV CTG HTGGOKWO UGTXKEGU VJCV
CTG CNUQ C UQEKCN PGVYQTM 6JG TGUWNV UJQYU VJCV RTQDCDKNKV[ QH DGKPI RC[ WUGTU KPETGCUGU CU VJG
PWODGT QH HTKGPFU VJCV CTG RC[ WUGTU KPETGCUGU 6JG RTQDCDKNKV[ QH DGKPI RC[ WUGTU CNUQ KPETGCUGU
CU VJG PWODGT QH KPVGTCEVKQPU HTQO RC[ WUGTU KPETGCUGU *QYGXGT VJGTG UGGO VQ DG C NKOKV CU
VJG CFFKVKQPCN DGPGិV FTQRU +P 9CPI CPF %JKP =?ཐU UVWF[ VJG RTQDCDKNKV[ QH DGKPI RC[ WUGTU
CTG ECNEWNCVGF CU C TCVKQ DGVYGGP VJG PWODGT QH RC[ WUGTU VQ VJG PWODGT QH VQVCN WUGTU YJKEJ KU
VJG EQPXGTUKQP TCVG OGPVKQPGF CDQXG 6JGTGHQTG 9CPI CPF %JKP =? JCU EQPENWFGF VJCV KH VJG
PWODGT QH HTKGPFU YJQ CTG RC[ WUGTU KPETGCUGU VJG EQPXGTUKQP TCVG KPETGCUGU *QYGXGT 9CPI CPF
%JKP =? QPN[ UVWFKGF VJKU HTQO QPG RQKPV QH VKOG VJGTG KU PQ VGORQTCN EQPិTOCVKQP VJCV VJGTG KU
C EQPXGTUKQP HTQO HTGG WUGTU VQ RC[ WUGTU 6JGTGHQTG CFFKVKQPCN UVWF[ KU PGGF VQ HWTVJGT WPFGTUVCPF
VJG TGNCVKQPUJKR DGVYGGP PWODGT QH HTKGPFU YJQ CTG RC[ WUGTU VQ VJG EQPXGTUKQP QH WUGT V[RGU
9CIPGT GV CN =? EQPFWEVGF C UWTXG[ YKVJ /WUKECUC5GTXKEG WUGTU CPF HQWPF VJCV VJG KP
ETGCUG KP VJG UKOKNCTKV[ DGVYGGP VJG HTGG CPF VJG RTGOKWO HWPEVKQP NGCFU VQ VJG KPETGCUG KP WUGTཐU
EQPXGTUKQP 6JGTGHQTG EQORCPKGU UJQWNF EQPUKFGT RTQXKFKPI VKOG NKOKVCVKQP HTGGOKWO KPUVGCF QH
HGCVWTG NKOKVCVKQP HTGGOKWO 5[NXGUVGT CPF 4CPF =? HQWPF KPICOG UQEKCN PGVYQTM EJCTCEVGTKU
VKEU PCOGN[ VJG NQECN ENWUVGTKPI EQGឹEKGPV COQPI QPN[ VJQUG QH VJGKT HTKGPFU YJQ JCXG UWDUETKDGF
VQ NKPM VQ WUGTUཐ EQPXGTUKQP 2GGT KPីWGPEGU JCXG CNUQ DGGP HQWPF VQ CាGEV WUGTཐU EQPXGTUKQP KP
QVJGT UVWFKGU KPENWFKPI =?
1GUVTGKEJGT5KPIGT CPF <CNOCPUQP =?ཐU UVWF[ HQWPF VJCV EQPUWOGTཐU YKNNKPIPGUU VQ RC[ KP
ETGCUGU CU VJG NGXGN QH VJGKT EQOOWPKV[ RCTVKEKRCVKQP TKUGU 6JG UVWF[ YCU EQPFWEVGF WUKPI .CUV(/

FCVC VQ ិPF HCEVQTU VJCV KPីWGPEG VJG YKNNKPIPGUU VQ RC[ 6JG HCEVQTU VJCV YGTG UVWFKGF KPENWFG EQP
VGPV EQPUWORVKQP EQPVGPV QTICPK\CVKQP CPF EQOOWPKV[ RCTVKEKRCVKQP CPF WUWCN HCEVQTU VJCV YGTG
KPENWFGF KP RTGXKQWU TGUGCTEJ UWEJ CU WUGTཐU FGOQITCRJKEU COQWPV QH UGTXKEG WUCIG PWODGT QH
HTKGPFU YJQ CTG RTGOKWO WUGTU CPF PWODGT QH CNN HTKGPFU 4GUWNV HTQO NQIKUVKE TGITGUUKQP UJQYU
VJCV VJG HCEVQTU VJCV JCXG UVTQPIGUV RQUKVKXG KPីWGPEG QP VJG EQPUWOGTཐU YKNNKPIPGUU VQ RC[ CTG VJG
PWODGT QH HTKGPFU VJCV CTG RC[ WUGTU CPF VJG PWODGT QH UQPIU VJCV VJG WUGT NKUVGPU VQ 1VJGT HCE
VQTU VJCV JCXG RQUKVKXG KPីWGPEG QP WUGTཐU YKNNKPIPGUU VQ RC[ CTG VJG PWODGT QH RNC[NKUV ETGCVGF VJG
PWODGT QH UQPIU VJCV VJG WUGT NKMGU VJG PWODGT QH ITQWRU VJCV VJG WUGT DGNQPIU VQ VJG PWODGT QH
ITQWRU VJCV VJG WUGT KU C NGCFGT VJG PWODGT QH DNQIU RQUVGF CPF CIG 6JG HCEVQTU VJCV JCU PGI
CVKXG KPីWGPEG QP VJG YKNNKPIPGUU VQ RC[ CTG VJG PWODGT QH CNN HTKGPFU FWTCVKQP QH OGODGTUJKR
6JGTGHQTG 1GUVTGKEJGT5KPIGT CPF <CNOCPUQP =? RTQRQUGF C OQFGN VJCV RTGFKEVU VJG YKNNKPIPGUU
VQ RC[ HQT RTGOKWO UGTXKEG YJKEJ KP QVJGT YQTFU KU EQPXGTUKQP TCVG HTQO XCTKQWU HCEVQTU KPENWFKPI
FGOQITCRJKE KPHQTOCVKQP EQPVGPV EQPUWORVKQP TCVG WUGTཐU TGNCVKQPUJKR VQ QVJGT WUGTU KP VJG UQEKCN
PGVYQTM *QYGXGT QVJGT UQEKCN PGVYQTM OGVTKEU JCXG PQV DGGP GZRNQTGF YJKEJ EQWNF DG HCEVQTU
VJCV JGNR KPETGCUG VJG RTGEKUKQP QH EQPXGTUKQP TCVGU 6JG IQCN QH VJKU TGUGCTEJ KU VQ FKUEQXGT VJG
TGNCVKQPUJKR DGVYGGP VJG RQUKVKQP QH VJG PGVYQTM CPF VJG RTQDCDKNKV[ VJCV C WUGT KU C RTGOKWO WUGT
KP QTFGT VQ RTQXKFG GាGEVKXG VCTIGVGF CFXGTVKUGOGPV 6JG RQUKVKQP QH VJG PGVYQTM ECP DG OGCUWTGF
D[ VJG UGNGEVGF OGVTKEU CDQXG YJKEJ CTG EGPVTCNKV[ CPF ENWUVGTKPI EQGឹEKGPV
/GVTKEU VJCV CTG UGNGEVGF HQT VJKU RCRGT CTG FGITGG EGPVTCNKV[ CPF NQECN ENWUVGTKPI EQGឹEKGPV
%GPVTCNKV[ KU C OGCUWTG QH VJG EQPPGEVGFPGUU VQ QVJGT PQFGU QT JQY ENQUG VQ VJG EGPVGT QH VJG
PGVYQTM VJG PQFG KU 6JGTG CTG OCP[ YC[U VQ EQORWVG EGPVTCNKV[ &GITGG EGPVTCNKV[ KU VJG EQPPGEV
GFPGUU OGCUWTGF D[ VJG PWODGT QH GFIGU UQ VJG PQFG YKVJ JKIJ PWODGT QH GFIGU JCU JKIJ FGITGG
EGPVTCNKV[ .QECN ENWUVGTKPI EQGឹEKGPV KU CP KPFKECVQT QH VJG FGITGG VQ YJKEJ PQFGU KP C ITCRJ
VGPF VQ ENWUVGT VQIGVJGT VQ QVJGT PGKIJDQTKPI PQFGU +P VJG UQEKCN PGVYQTM VJKU KPFKECVQT UJQY VJG
EQPPGEVKQP UVTGPIVJ DGVYGGP QPG WUGTཐU HTKGPFU
 $IVSOT %FUFDUJPO BOE 1SFEJDUJPO
%JWTP TCVGU QT EJWTPU CTG VJG TCVGU CV YJKEJ WUGTU UVQRU UWDUETKDKPI HTQO C UGTXKEG 6TCFKVKQPCN
DWUKPGUU UWEJ CU OQDKNG PGVYQTM QRGTCVQTU HQWPF VJCV KV KU OQTG GZRGPUKXG VQ GCTP PGY EWUVQOGTU
VJCP VQ EQPXKPEG GZKUVKPI WUGTU PQV VQ NGCXG VJG UGTXKEGU 6JGTGHQTG EJWTP OCPCIGOGPV CPF RTGFKE
VKQP JCXG DGGP GZVGPUKXGN[ GZRNQTGF DQVJ KP TGUGCTEJ CPF KP RTCEVKEG HQT OQDKNG PGVYQTM UGTXKEGU
= ? CPF KPVGTPGV UGTXKEG RTQXKFGTU =? -KO CPF ;QQP =? UWTXG[GF  OQDKNG WUGTU KP

-QTGC CPF WUKPI C DKPQOKCN NQIKV OQFGN HQWPF VJCV VJG RTQDCDKNKV[ VJCV C UWDUETKDGT YKNN UYKVEJ
ECTTKGT FGRGPFU QP VJG NGXGN QH UCVKUHCEVKQP QH UGTXKEG CVVTKDWVGU KPENWFKPI ECNN SWCNKV[ VCTKា NGXGN
JCPFUGVU DTCPF KOCIG CU YGNN CU KPEQOG CPF UWDUETKRVKQP FWTCVKQP
%JWTP KP HTGGOKWO UGTXKEGU JCXG DGGP UVWFKGF HQT ICOGU =  ? YJKEJ GORNQ[ KPCRR
RWTEJCUG VQ OQPGVK\G KPUVGCF QH UWDUETKRVKQP *QYGXGT VJGUG UVWFKGU CNUQ RTGFKEV CPF FGVGEV ECUGU
YJGP WUGTU UVQR WUKPI VJG UGTXKEGU KPUVGCF QH UVQR RC[KPI HQT VJG UGTXKEGU YJKEJ KU FKាGTGPV HTQO
YJGP RTGOKWO WUGTU KP UWDUETKRVKQPDCUGF HTGGOKWO UGTXKEGU UVQRU RC[KPI HQT UWDUETKRVKQP 4WPIG
GV CN =? RTGFKEVU YJGP JKIJXCNWG RNC[GTU 
VQR  QH RC[KPI RNC[GTU YKNN EQORNGVGN[ SWKV QPNKPG
UQEKCN ICOGU WUKPI KP ICOG CEVKXKV[ VTCEMKPI FCVC TGXGPWG TGNCVGF FCVC CPF WUGTཐU RTQិNG FCVC (QWT
ENCUUKិGTU YGTG EQORCTGF CPF UKPING JKFFGP NC[GT PGWTCN PGVYQTM YKVJ ិPGVWPGF NGCTPKPI TCVG CPF
OQOGPVWO QWV RGTHQTOU QVJGT CNIQTKVJOU
 )ZQPUIFTFT
+P 7& OQFGNU D[ 5JKJ CPF 8GPMCVGUJ =? 5JKJ GV CN =? HCOKN[ YCU WUGF CU QPG QH 7&
FGVGTOKPCPVU DGECWUG VJG VGEJPQNQI[ KP VJG RCUV YGTG RJ[UKECN FGXKEGU 6JG ENQUGT KP RJ[UKECN
FKUVCPEG VJG OQTG HTGSWGPE[ VJCV WUCIG ECP DG UGGP 5Q VJG HCOKN[ YJQ UVC[ KP VJG UCOG JQWUG
YCU VJG OQUV GាGEVKXG RGQRNG VQ KPីWGPEG VJG WUCIG CPF IKXG VJG MPQYNGFIG QH VJG VGEJPQNQI[
*QYGXGT QPNKPG VGEJPQNQI[ CPF UGTXKEG ECPPQV DG UGGP KP RJ[UKECNN[ DWV ECP DG UGGP KP VJG UQEKCN
PGVYQTM (QT GZCORNG WUGTU ECP UGG VJG OWUKE NKUVGPKPI NKUV QH VJGKT HTKGPFU KP NCUVHO WUGTU ECP
UGG UEQTG TCPMKPIU QH HTKGPFU KP UQEKCNPGVYQTM DCUGF QPNKPG ICOGU WUGTU ECP UGG VJG WRNQCFGF
RJQVQU QH HTKGPFU KP UQEKCN PGVYQTM UKVG UWEJ CU KPUVCITCO QT HCEGDQQM 6JGTGHQTG VJG RJ[UKECN
FKUVCPEGU DGEQOG NGUU GាGEVKXG VJCP FKUVCPEGU QP QPNKPG UQEKCN PGVYQTM 6JG FKUVCPEG QP QPNKPG
UQEKCN PGVYQTM ECP DG FGUETKDGF KP OCP[ YC[U 1PG KU VTCPUKVKXKV[ QT ENWUVGTKPI EQGឹEKGPV YJKEJ
UJQYU JQY UVTQPIN[ EQPPGEVGF VJGKT HTKGPFU CTG +H HTKGPFU CTG EQPPGEVGF VQIGVJGT QT ECP DG UCKF
VJCV VJG PQFG KU KP VJG ENQUG ITQWR QH HTKGPF UJQWNF JCXG UJQTVGT FKUVCPEG
#U WUGTU CTG KPីWGPEGF D[ VJGKT HTKGPFU QP UQEKCN PGVYQTM VJG OQTG HTKGPFU VJG[ JCXG VJG OQTG
KPHQTOCVKQP VJG[ IGV 6JGTGHQTG VJG PWODGT QH UQPIU VJCV CTG NKUVGPGF KPETGCUGU KP TGNCVKQP VQ VJG
PWODGT QH DQVJ HTKGPFU YJQ CTG RTGOKWO WUGTU CPF VJG PWODGT QH HTKGPFU YJQ CTG HTGG WUGTU
*QYGXGT VJG UVTQPIGT EQPPGEVKQP VJGKT HTKGPFU CTG VJG OQTG KPHQTOCVKQP VJG[ UJCTG 6JKU OCMGU
VJG XCTKGV[ QH KPHQTOCVKQP VJCV VJG WUGT TGEGKXGF HTQO HTKGPFU FGEGCUGF EQORCTG VQ WUGT YJQ JCXG
UCOG PWODGT QH HTKGPFU DWV JCXG YGCM EQPPGEVKQP UVTGPIVJ DGVYGGP JKUJGT HTKGPFU 6JGTGHQTG VJG
KPHQTOCVKQP HTQO VJGKT HTKGPFU FGETGCUGU CU VJG UVTGPIVJ QH VJGKT HTKGPFཐU EQPPGEVKQP KPETGCUGU 6JG

FGETGCUKPI KPHQTOCVKQP YKNN NGCF VQ VJG FGETGCUKPI QH WUCIG KP VJG OWUKE UVTGCOKPI UGTXKEG YJKEJ
OGCPU VJCV VJG PWODGT QH UQPIU VJCV CTG NKUVGPGF VQ YKNN FGETGCUG VQQ 6JKU OCMGU VJG PWODGT QH
UQPIU VJCV CTG NKUVGPGF VQ FGETGCUGU KP TGNCVKQP VQ VJG UVTGPIVJ QH HTKGPFUཐ EQPPGEVKQP
Hypothesis 1. )JHIFS OVNCFS PG QSFNJVN GSJFOET IJHIFS OVNCFS PG GSFF GSJFOET BOE XFBLFS
DPOOFDUJPO CFUXFFO GSJFOET MFBE UP IJHIFS VTBHF
5QEKCN KFGPVKV[ VJGQT[ =? FGUETKDGU VJCV RGQRNG YKNN DGJCXG KP VJG YC[ VJCV VJGKT UQEKGV[
RGTEGKXGU CU FKUVKPEVKXGN[ RQUKVKXG 2TGOKWO WUGTU RGTEGKXG RC[KPI HQT VJG UGTXKEG CU C RQUKVKXG
DGJCXKQT 6JGTGHQTG VJG OQTG RTGOKWO HTKGPFU C WUGT JCU VJG JKIJGT VJG EJCPEG VJCV C WUGT KU C
RTGOKWO WUGT
Hypothesis 2. )JHIFS OVNCFS PG QSFNJVN GSJFOET MFBET UP IJHIFS DIBODF UP CF B QSFNJVN VTFS
5GNHECVGIQTK\CVKQP VJGQT[ =? UVCVGU VJCV C RGTUQP YKNN RGTEGKXG EQNNGEVKQPU QH RGQRNG CU C
ITQWR D[ VJG UKOKNCTKVKGU QH VJG RGQRNG 6JGTGHQTG HTGG WUGTU YKNN DG ENQUGT VQ HTGG WUGTཐU HTKGPFU
VJCP RTGOKWO WUGTཐU HTKGPFU 1P VJG QVJGT JCPF RTGOKWO WUGT YKNN DG ENQUGT VQ RTGOKWO WUGTཐU
HTKGPF VJCP HTGG WUGTཐU HTKGPFU #PF UQEKCN KFGPVKV[ VJGQT[ =? YJKEJ UC[U VJCV KPFKXKFWCN YKNN JCXG
DGJCXKQT VJCV KU RQUKVKXG FKUVKPEVKXG OCFG WU ECP ETGCVG VJG J[RQVJGUGU CDQWV TGNCVKQPUJKR DGVYGGP
DGJCXKQT CPF UQEKCN PGVYQTM CU HQNNQYU $GECWUG WUKPI QPN[ HTGG UGTXKEG KU PQTOCN DGJCXKQT QH HTGG
WUGTU CPF WUKPI QH RTGOKWO UGTXKEG KU PQTOCN DGJCXKQT QH RTGOKWO WUGTU WUKPI QPN[ HTGG UGTXKEG
UJQWNF DG RQUKVKXG VQ HTGG WUGTU CPF WUKPI RTGOKWO UGTXKEG UJQWNF DG RQUKVKXG VQ RTGOKWO WUGTU
Hypothesis 3. 4USPOHFS DPOOFDUJPOT CFUXFFO GSFF GSJFOET PG B GSFF VTFS MFBET UP MPXFS DIBODF UP
CFDPNF B QSFNJVN VTFS
Hypothesis 4. 4USPOHFS DPOOFDUJPOT CFUXFFO QSFNJVN GSJFOET PG B QSFNJVN VTFS MFBET UP IJHIFS
DIBODF UP DPOUJOVF UP CF QSFNJVN VTFS
5QEKCN KFGPVKV[ VJGQT[ FGUETKDGU VJCV RGQRNG JCXG KPVGPVKQPU VQ RGTHQTO RQUKVKXG FKUVKPEVKXG DG
JCXKQT CPF HQT VJG ITQWRU YJKEJ ECP OQXG KP CPF QWV GCUKN[ QPG QH VJG RQUKVKXG FKUVKPEVKXGPGUU
UVTCVGIKGU VJCV ECP DG VCMGP KU KPFKXKFWCN OQDKNKV[ =? YJKEJ KU VQ NGCXG VJG ITQWR CPF KPETGCUG
UQEKCN UVCVWU KP EQORCTKUQP VQ VJG QVJGTU KP VJG ITQWR 2TGOKWO WUGTU YJQ CTG RC[KPI VQ WUG VJG
RTGOKWO UGTXKEGU VJCV QPN[ RCKF WUGTU ECP WUG ECP DG XKGYGF CV CU RGQRNG YJQ JCXG JKIJGT UQEKCN
UVCVWU KP VJG EQOOWPKV[ YJGP EQORCTGF VQ VJG HTGG WUGT YJQ ECPPQV WUG VJG RTGOKWO UGTXKEGU
#PF UVCTVKPI WUKPI QH RTGOKWO UGTXKEG QH VJG HTGG WUGT ECP DG KORNKGF CU NGCXKPI VJG HTGG WUGTཐU

ITQWR CPF IGV JKIJGT UQEKCN UVCVWU 6JKU OCMGU VJG HTGG WUGTU VJCV EJCPIG VQ RTGOKWO WUGTU ECP
DG XKGYGF D[ VJGKT HTGG HTKGPFU CU C RQUKVKXG FKUVKPEVKXG DGJCXKQT YJKEJ KU QPG V[RG QH KPFKXKFWCN
OQDKNKV[ 6JGTGHQTG C HTGG WUGT YJQ JCU C NQV QH HTGG HTKGPFU ECP DG KPីWGPEGF VQ EJCPIG VQ C
RTGOKWO WUGT CU KV KU RGTEGKXGF CU C RQUKVKXG FKUVKPEVKXG DGJCXKQT
Hypothesis 5. )JHIFS OVNCFS PG GSFF GSJFOET PG B GSFF VTFS MFBET UP IJHIFS DIBODF UP CFDPNF B
QSFNJVN VTFS
5QEKCN KFGPVKV[ VJGQT[ FGUETKDGU VJCV RGQRNG JCXG KPVGPVKQPU VQ RGTHQTO RQUKVKXG FKUVKPEVKXG DG
JCXKQT =? (TGG WUGTUཐ RQUKVKXG FKUVKPEVKXG DGJCXKQT ECP DG VJG WUG QH VJG UGTXKEG HQT HTGG 6JGTG
HQTG C RTGOKWO WUGT YJQ JCU C NQV QH HTGG HTKGPFU ECP DG KPីWGPEGF VQ DGEQOG C HTGG WUGT CU KV
KU RGTEGKXGF CU C RQUKVKXG FKUVKPEVKXG DGJCXKQT 6JCV OGCPU C RTGOKWO WUGT YJQ JCU C NQV QH HTGG
HTKGPFU YKNN JCXG NGUU EJCPEG VQ EQPVKPWG VQ DG RTGOKWO WUGT
*QYGXGT UGNHECVGIQTK\CVKQP VJGQT[ =? UVCVGU VJCV C RGTUQP YKNN RGTEGKXG EQNNGEVKQPU QH RGQ
RNG CU C ITQWR D[ VJG UKOKNCTKVKGU QH VJG RGQRNG CPF VJG FKUVCPEGU DGVYGGP ITQWRU FGRGPF QP VJG
FKាGTGPEGU DGVYGGP VJG ITQWRU 6JKU ECP NGCF VQ VJG CUUWORVKQP VJCV VJG RGQRNG YJQ UVCTV WUKPI
RTGOKWO UGTXKEG KU ENQUGT VQ VJG HTGG WUGT ITQWR VJCP VJG RGQRNG YJQ EQPVKPWG WUKPI VJG RTGOKWO
UGTXKEG DGECWUG VJG[ LWUV EJCPIGF ITQWR VJCV VJG[ YGTG DGNQPIKPI 6JGTGHQTG VJG RTGOKWO WUGTU
YJQ LWUV UVCTVGF WUKPI RTGOKWO UGTXKEGU YKNN DG CាGEVGF D[ HTGG HTKGPFU OQTG VJCP VJG RGQRNG YJQ
JCXG EQPVKPWGF WUKPI RTGOKWO UGTXKEG
*QYGXGT VJG RTGXKQWU J[RQVJGUKU FKF PQV OCMG C FKUVKPEVKQP DGVYGGP HTGG WUGTU YJQ JCXG PQV
WUGF RTGOKWO UGTXKEGU CPF HTGG WUGTU YJQ LWUV UVQRRGF WUKPI RTGOKWO UGTXKEGU 6JKU KU DGECWUG
VJG RTGXKQWU J[RQVJGUKU HQEWUGU QP VJG KPីWGPEG QH HTGG HTKGPFU CPF VJG VYQ UWDITQWRU CTG DQVJ HTGG
WUGTU 6JGTGHQTG VJGTG CTG PQ FKាGTGPEG DGVYGGP VJGUG VYQ UWDITQWRU QH HTGG WUGTU
Hypothesis 6. )JHIFS OVNCFS PG GSFF GSJFOET PG B QSFNJVN VTFS MFBET UP MPXFS DIBODF UP DPOUJOVF
UP CF B QSFNJVN VTFS BOE UIF FઢFDU JT IJHIFS GPS UIF QSFNJVN VTFST XIP XFSF SFDFOUMZ GSFF VTFST
(TQO GZRGEVCPE[ VJGQT[ =? YJKEJ FGUETKDGU VJG GZRGEVCVKQP QH DGJCXKQT CPF GZRGEVCVKQP
EQPិTOCVKQP VJGQT[ YJKEJ FGUETKDGU VJG GXCNWCVKQP QH CFQRVKQP VJG ITQWR QH WUGTU YJKEJ UVQRRGF
WUKPI RTGOKWO UGTXKEG IQV FKUEQPិTOCVKQP QH DGNKGHU 6JKUOGCPU VJCV VJGTG CTG FKាGTGPEGU DGVYGGP
GZRGEVCVKQP CPF RGTEGKXGF RGTHQTOCPEG
6JG FKUEQPិTOCVKQP QH DGNKGHU QEEWTU YJGP VJG GZRGEVCVKQP KU JKIJGT VJCP VJG RGTEGKXGF RGTHQT
OCPEG #U RGTEGKXGF RGTHQTOCPEG YKNN PQV EJCPIG CHVGT C WUGT UVQRRGF WUKPI VJG RTGOKWO UGTXKEG
VJG GZRGEVCVKQP JCXG VQ DG EJCPIGF DGHQTG TGWUKPI VJG RTGOKWO UGTXKEG CPF VJG PGY GZRGEVCVKQP

JCXG VQ DG NQYGT VJCP VJG RTGXKQWU RGTEGKXGF RGTHQTOCPEG *QYGXGT KH VJG WUCIG KU JKIJ VJG RGT
EGKXGF RGTHQTOCPEG UJQWNF DG IQQF VQQ YJKEJ OGCPU VJCV VJG GZRGEVCVKQP JCXG VQ DG OWEJ JKIJGT
VQ JCXG ETGCVGF FKUEQPិTOCVKQP QH DGNKGHU 6JKU OCFG VJG RTQDCDKNKV[ VQ NQYGT GZRGEVCVKQP UOCNN
6JKU OGCPU VJCV HQT VJG WUGTU YJQ UVQRRGF WUKPI RTGOKWO UGTXKEG VJG OQTG WUCIG QH UGTXKEG VJG
NGUU EJCPEG VJCV VJG[ YKNN WUG VJG RTGOKWO UGTXKEG CICKP
$WV HQT WUGTU YJQ PGXGT WUG RTGOKWO UGTXKEG VJG[ JCXG QPN[ VJG GZRGEVCVKQP YJKEJ KU GZRNCKPGF
KP GZRGEVCPE[ VJGQT[ CU VJG XCNWCVKQP QH TGYCTF TGNCVGF VQ RGTHQTOKPI DGJCXKQT YJKEJ UJQWNF DG
TGNCVGF VQ VJG WUCIG QH VJCV WUGT 6JG OQTG WUCIG VJCV WUGT JCU VJG JKIJGT VJG GZRGEVCVKQP CPF VJG
JKIJGT VJG EJCPEG VQ WUG VJG RTGOKWO UGTXKEG
Hypothesis 7. )JHIFS VTBHF PG B GSFF VTFS MFBET UP IJHIFS DIBODF UP CFDPNF B QSFNJVN VTFS CVU
MFBET UP MPXFS DIBODF UP CFDPNF QSFNJVN VTFST BHBJO GPS UIF QFPQMF XIP TUPQ VTJOH QSFNJVN TFSWJDF
2TGOKWO WUGTU CTG WUGTU YJQ CNTGCF[ JCXG VJG RGTEGKXGF RGTHQTOCPEG CPF UVKNN FKFPཐV IGV VJG
FKUEQPិTOCVKQP QH DGNKGHU 6JGTGHQTG VJG GZRGEVCVKQP QH RTGOKWO WUGTU YKNN DG TGNCVGF VQ VJG
WUCIG 6JG OQTG WUCIG VJG WUGT JCU VJG JKIJGT RGTHQTOCPEG VJG[ RGTEGKXGF VJG NGUU EJCPEG VJG
GZRGEVCVKQP VQ DG JKIJGT VJCP RGTEGKXGF RGTHQTOCPEG CPF VJG NGUU EJCPEG VJG FKUEQPិTOCVKQP QH
DGNKGHU ECP QEEWT 6JKU UJQWNF DG VJG UCOG HQT DQVJ RGQRNG YJQ UVCTV WUKPI VJG RTGOKWO UGTXKEG
CPF RGQRNG YJQ EQPVKPWG WUKPI VJG UGTXKEG
Hypothesis 8. )JHIFS VTBHF PG B QSFNJVN VTFS MFBET UP IJHIFS DIBODF UP DPOUJOVF UP CF B QSFNJVN
VTFS
(TQO F[PCOKE WUG FKាWUKQP OQFGN =? YJKEJ UJQYU VJG GាGEVU HTQO FGVGTOKPCPVU KP  FK
OGPUKQPU VQ VJG KPFGZ CPF VJG GាGEV HTQO VJG KPFGZ VQ VJG QWVEQOG UWEJ CU WUGT UCVKUHCEVKQP VJG
J[RQVJGUKU ECP DG WUGF VQ OQFKH[  RCTVU QH VJG OQFGN YJKEJ CTG VJG FGVGTOKPCPVU CPF VJG KPFGZ
6JG PWODGT QH HTGG HTKGPFU 
(TGG(TKGPF"V CPF (TGG(TKGPF"V CPF RTGOKWO HTKGPFU 
2TG
OKWO(TKGPF"V CPF 2TGOKWO(TKGPF"V YJKEJ KU FGITGG QH PQFG KP UQEKCN PGVYQTM OGVTKEU
CPF EQPPGEVKQP UVTGPIVJ DGVYGGP HTKGPFU 
%NWUVGTKPI"V CPF %NWUVGTKPI"V YJKEJ KU NQECN ENWU
VGTKPI EQGឹEKGPV KP UQEKCN PGVYQTM OGVTKEU ECP DG WUGF CU UQEKCN PGVYQTM FKOGPUKQP YJKEJ KU PGY
FKOGPUKQP KP VJG OQFGN 6JG WUCIG 
%WTTGPV 7UCIG CPF UWDUETKRVKQP JKUVQT[ 
2C[OGPV"V ECP
DG WUGF CU VJG KPFGZ QH VJG OQFGN
#NN QH VJG RTQRQUGF J[RQVJGUGU ECP DG UWOOCTK\GF KPVQ QPG FKCITCO CU UJQYP KP (KIWTG 
6JG GZRNCPCVQT[ XCTKCDNGU VJCV TGNCVGF VQ 7& FGVGTOKPCPVU CTG EQNQTGF KP [GNNQY CPF VYQ XCTKCDNGU

TGNCVGF VQ VJG F[PCOKE WUG KPFGZ CTG EQNQTGF KP DNWG CPF VYQ FGRGPFGPV XCTKCDNGU YJKEJ CTG 7&
QWVEQOGU CTG EQNQTGF KP RKPM
Figure 3.1: #NN J[RQVJGUGU
 %BUB
 %BUB 4PVSDF BOE 5BSHFU 6TFS (SPVQ
'ORKTKECN FCVC YCU EQNNGEVGF HTQO NCUVHO CP QPNKPG OWUKE UVTGCOKPI UGTXKEG HQWPFGF KP 7- KP
 VQ RTQXKFG OWUKE CPF TCFKQ .CUVHO EQNNGEVU NKUVGPKPI FCVC HTQO WUGTU CTQWPF VJG YQTNF
YJKEJ EQPVCKP WUGTUཐ KPHQTOCVKQP HTKGPF TGNCVKQPUJKR CPF UWDUETKRVKQP FCVC 6JG FCVC YCU EQNNGEVGF
CV VJTGG RQKPVU QH VKOG YJKEJ CTG #WIWUV  
t1 ,WPG  
t2 &GEGODGT  
t3 VQ IGV
VJG JKUVQTKECN KPHQTOCVKQP QH NKUVGPKPI FCVC UWDUETKDG FCVC CPF UQEKCN PGVYQTM FCVC 6JG CKO QH
VJKU EJCRVGT KU VQ CPCN[\G VJG RTGOKWO UWDUETKRVKQP CPF WPUWDUETKDGU WUKPI WUGTཐU WUCIG FCVC WUGTཐU
PGVYQTM RQUKVKQP CPF VJG UWDUETKRVKQP JKUVQT[ QH VJG WUGTཐU HTKGPFU
 &YQMBOBUPSZ BOE %FQFOEFOU 7BSJBCMFT
6JGTG CTG ិXG V[RGU QH XCTKCDNGU UQOG CTG GZRNCPCVQT[ XCTKCDNGU CPF UQOG CTG FGRGPFGPV XCTKCDNGU
KP VJG TGITGUUKQP OQFGNU VJCV YGTG ECNEWNCVGF HQT GCEJ WUGT 6JG ិTUV HQWT V[RGU QH XCTKCDNGU CTG
VTGCVGF CU KPRWV QT GZRNCPCVQT[ XCTKCDNGU VQ VJG OQFGNU YJKEJ CTG CP KPFKECVKQP QH RTGXKQWU UWD
UETKRVKQP QH VJG WUGT KPFKECVKQPU QH JQY VJG WUGTཐU HTKGPFU EJCPIG UWDUETKRVKQP KP VJG RTGXKQWU VKOG
UVGRU VJG WUGTཐU UQEKCN PGVYQTM OGVTKEU CPF VJG WUGTཐU CEVKXKV[ 7UGTཐU CEVKXKV[ KU DQVJ GZRNCPCVQT[
CPF FGRGPFGPV XCTKCDNGU WR VQ VJG VKOG RQKPV QH VJG FCVC CPF TGITGUUKQP OQFGN 6JG ិHVJ V[RG QH

XCTKCDNG KU VJG WUGTཐU UWDUETKRVKQP UVCVWU CV t3 YJKEJ KU VJG FGRGPFGPV XCTKCDNG QH VJG TGITGUUKQP
OQFGN
6JG ិTUV ITQWR QH XCTKCDNGU KU VJG WUGTཐU QYP UWDUETKRVKQPU UVCVWU KP VKOG t1 CPF t2 HQT VJKU ITQWR
YJKEJ KU UWD CPF UWD YJKEJ JCXG PWODGT QH WUGTU CU UJQYP KP  6JGUG XCTKCDNGU CTG FWOO[
XCTKCDNGU 6JG UWDUETKRVKQP UVCVWU CV VKOG t2 YCU WUGF VQ UGRCTCVG WUGTU KPVQ  ITQWRU CU VJG HTGG
WUGTU CPF VJG RTGOKWO WUGTU CPF WUG TGITGUUKQP QP GCEJ WUGTU ITQWR VQ EQPិTO QWT J[RQVJGUGU KP
UGE  #PF UWD KU TGHGTTGF CU 2C[OGPV"V KP (KIWTG 
Table 3.2: 7UGT ITQWRU CPF UVCVKUVKEU 7UGTU CTG UGIOGPVGF KPVQ HQWT ITQWRU CEEQTFKPI VQ VJGKT UWDUETKRVKQP
UVCVWUGU CV t1 
UWD CPF t2
UWD
UWD UWD %JCPIGU KP 5WDUETKRVKQP 5VCVWU QH 2GTKQF  
p1 0WODGT QH 7UGTU
  7UGTU YJQ TGOCKP CU C HTGG WUGT 
CV DQVJ VKOG t1 CPF t2 
  7UGTU YJQ EJCPIG HTQO C RTGOKWO WUGT 
CV t1 VQ C HTGG WUGT 
CV t2 
  7UGTU YJQ EJCPIG HTQO C HTGG WUGT 
CV t1 VQ C RTGOKWO WUGT 
CV t2 
  7UGTU YJQ TGOCKP CU C RTGOKWO WUGT 
CV DQVJ VKOG t1 CPF t2 
6QVCN 
6JG UGEQPF ITQWR QH XCTKCDNGU KPFKECVG PWODGT QH HTKGPFU UGRCTCVGF D[ VJG UWDUETKRVKQP UVCVWU QH
VJGKT HTKGPFU CV VKOG t1 CPF t2 &WG VQ VJG PWODGT QH HTKGPFU ECP KPETGCUG GZRQPGPVKCNN[ VJG PCVWTCN
NQICTKVJO QH PWODGT QH HTKGPFU KP GCEJ ITQWR CTG WUGF 6JG (TGG(TKGPF"V CPF (TGG(TKGPF"V
CTG KPFKECVGF VQ VJG PCVWTCN NQICTKVJO QH PWODGT QH HTKGPFU YJQ KU HTGG WUGT CV VKOG t1 CPF t2
CPF VJG 2TGOKWO(TKGPF"V CPF 2TGOKWO(TKGPF"V CTG KPFKECVGF VQ VJG PCVWTCN NQICTKVJO QH
PWODGT QH HTKGPFU YJQ KU RTGOKWO WUGT CV VKOG t1 CPF t2
6JG VJKTF ITQWR QH XCTKCDNGU CTG VJG PGVYQTM RCTCOGVGTU QH GCEJ WUGT (TQO HTKGPFUཐ KPHQTOCVKQP
QH UCOG UWDUETKRVKQP UVCVWU C WUGT PGVYQTM ECP DG ETGCVGF UGRCTCVGF D[ UWDUETKRVKQP UVCVWU CV VKOG
t1 CPF t2 YJGTG GCEJ WUGT KU TGRTGUGPVGF D[ C PQFG CPF CP GFIG DGVYGGP VYQ PQFGU TGRTGUGPVU
VJCV VJG WUGTU CTG HTKGPFU 6JG ENWUVGTKPI"V CPF ENWUVGTKPI"V CTG KPFKECVGF HQT NQECN ENWUVGTKPI
EQGឹEKGPV YJKEJ GSWCN VQ VJG TCVKQ QH PWODGT QH RCKTGF HTKGPFU YJQ EQPPGEVGF VQIGVJGT VQ VJG
CNN RQUUKDNG PWODGT QH EQPPGEVKQP 6JGUG KPFKECVG VJG UVTGPIVJ QH EQPPGEVKQP DGVYGGP GCEJ WUGTཐU

HTKGPFU KH CNN QH VJG WUGTཐU HTKGPFU CNN MPQY GCEJ QVJGTU VJG XCNWG GSWCN VQ  KH VJG[ CTG PQV MPQY
GCEJ QVJGTU VJG XCNWG KU 
6JG HQWTVJ ITQWR QH XCTKCDNG KPFKECVGU VJG WUGTཐU CEVKXKV[ HQT YJKEJ VJG PWODGT QH VJG WPKSWG
UQPIU VJCV VJG WUGT NKUVGPGF VQ DGVYGGP VKOG t1 CPF t2 CTG ECNEWNCVGF 6JG XCTKCDNG KU ECNNGF 2NC[
EQWPVNP YJKEJ KPFKECVGF VJG PCVWTCN NQICTKVJO QH PWODGT QH WPKSWG UQPIU VJCV WUGT NKUVGPGF VQ
6JG ិHVJ ITQWR KU VJG ITQWPF VTWVJ EQPVCKPU VYQ XCTKCDNGU EQPXGTV CPF TGVCKP UGRCTCVGF D[
UWDUETKRVKQP QH VJG WUGT CV VKOG t2 6JG XCTKCDNG EQPXGTV KU HQT VJG HTGG WUGTU CPF TGVCKP KU HQT VJG
RTGOKWO WUGTU YJKEJ KU  KH VJG WUGT KU C RTGOKWO WUGT CV t3 CPF  QVJGTYKUG +P UWOOCT[
HQT GCEJ WUGT PKPG XCTKCDNGU CTG ECNEWNCVGF CU NKUVGF KP 6CDNG  'KIJV XCTKCDNGU CTG KPRWV VQ VJG
TGITGUUKQP OQFGN CPF VJG QWVRWV QH VJG TGITGUUKQP OQFGN KU VJG RTGOKWO UVCVWU CV VKOG t3 YJKEJ KU
ECRVWTGF D[ XCTKCDNG EQPXGTV QT TGVCKP WR VJG UWDUETKRVKQP UVCVWU CV VKOG t2 QH GCEJ WUGT
6JG UVCVKUVKEU QH GCEJ RCTCOGVGT CTG UJQYP KP 6CDNG  0QVG VJCV VJG VTCPUKVKXKV[ ECPPQV DG
EQORWVGF KH VJG PWODGT QH EQPPGEVGF PQFG KU NGUU VJCP  YJKEJ TGUWNVU WU VQ JCXG VQ FTQRRGF UQOG
FCVC 6JKU OCFG VJG PWODGT QH FCVC QH %NWUVGTKPI"V KU NGUU VJCP VJG QVJGTU
Table 3.3: .KUV CPF FGUETKRVKQP QH WUGTཐU ECNEWNCVGF XCTKCDNGU (QT GCEJ WUGT VJG HQNNQYKPI XCTKCDNGU CTG
ECNEWNCVGF
8CTKCDNG &GUETKRVKQP
UWD &WOO[ XCTKCDNG KPFKECVKPI VJCV VJG WUGT KU C RTGOKWO WUGT CV t1
(TGG(TKGPF"V 0CVWTCN NQI QH PWODGT QH HTKGPFU YJQ CTG C HTGG WUGT CV t1
(TGG(TKGPF"V 0CVWTCN NQI QH PWODGT QH HTKGPFU YJQ CTG C HTGG WUGT CV t2
2TGOKWO(TKGPF"V 0CVWTCN NQI QH PWODGT QH HTKGPFU YJQ CTG C RTGOKWO WUGT CV t1
2TGOKWO(TKGPF"V 0CVWTCN NQI QH PWODGT QH HTKGPFU YJQ CTG C RTGOKWO WUGT CV t2
%NWUVGTKPI"V .QECN ENWUVGTKPI EQGឹEKGPV HQT HTGG CPF RTGOKWO ITCRJ CV t1
%NWUVGTKPI"V .QECN ENWUVGTKPI EQGឹEKGPV HQT HTGG CPF RTGOKWO ITCRJ CV t2
RNC[EQWPVNP 0CVWTCN NQI QH PWODGT QH WPKSWG UQPIU VJCV WUGT NKUVGPGF VQ DGVYGGP t1 CPF t2
EQPXGTV &WOO[ XCTKCDNG KPFKECVKPI VJCV C HTGG WUGT CV t2 KU C RTGOKWO WUGT CV t3
TGVCKP &WOO[ XCTKCDNG KPFKECVKPI VJCV C RTGOKWO WUGT CV t2 KU C RTGOKWO WUGT CV t3

Table 3.4: 5VCVKUVKE QH XCTKCDNGU
5VCVKUVKE 0 /GCP 5V &GX /KP /CZ
UWD     
(TGG(TKGPF"V     
(TGG(TKGPF"V     
2TGOKWO(TKGPF"V     
2TGOKWO(TKGPF"V     
%NWUVGTKPI"V     
%NWUVGTKPI"V     
RNC[EQWPVNP     
 &YQFSJNFOU BOE SFTVMUT
6JG NKPGCT TGITGUUKQP CPF NQIKV TGITGUUKQP YGTG WUGF VQ EQPិTO VJG RTQRQUGF J[RQVJGUGU CPF VJG
TGUWNVU HQT EQGឹEKGPVU YCU UJQYP KP 6CDNG  CPF VJG OCTIKPCN KP 6CDNG 
+P VJG ិTUV OQFGN VJG NKPGCT TGITGUUKQP YCU WUGF VQ EQPិTO *[RQVJGUKU  D[ WUKPI VJG RNC[
EQWPVNP CU FGRGPFGPV XCTKCDNG CPF UWD (TGG(TKGPF"V 2TGOKWO(TKGPF"V CPF%NWUVGTKPI"V
CU VJG GZRNCPCVQT[ XCTKCDNGU 6JG (6GUVཐU RXCNWG QH VJG TGITGUUKQP KU NGUU VJCP 2.2 ∗ 10−16 YJKEJ
CNNQYU WU VQ TGLGEV VJG GSWCNKV[ QH OQFGN YKVJ QPN[ KPVGTEGRV CPF OQFGN YKVJ GZRNCPCVQT[ XCTKCDNGU
CPF CEEGRV VJCV VJG FGRGPFGPV XCTKCDNG KU TGNCVGF VQ VJG UGNGEVGF GZRNCPCVQT[ XCTKCDNGU 6JG EQGឹ
EKGPV QH (TGG(TKGPF"V KU GSWCN VQ ∗∗∗ VJG EQGឹEKGPV QH 2TGOKWO(TKGPF"V KU GSWCN VQ
∗ VJG EQGឹEKGPV QH %NWUVGTKPI"V KU GSWCN VQ −∗∗∗ YJKEJ OGCP VJCV VJG PWODGT QH
WPKSWG UQPIU VJCV CTG NKUVGPGF VQ DGVYGGP VKOG t1 CPF t2 KPETGCUGF KP TGNCVKQP VQ PWODGT QH HTGG
HTKGPFU CPF PWODGT QH RTGOKWO HTKGPFU DWV FGETGCUGF KP TGNCVKQP VQ VJG UVTGPIVJ QH EQPPGEVKQP
DGVYGGP VJGKT HTKGPFU #FFKVKQPCNN[ *[RQVJGUKU  KU UWRRQTVGF CV UKIPKិECPV NGXGN 
(QT VJG QVJGT J[RQVJGUGU VJG NQIKV TGITGUUKQP YCU FQPG QP  ITQWRU QH WUGTUཐ FCVC UGRCTCVGF
D[ VJG UWDUETKRVKQP UVCVWU CV VKOG t2 $QVJ ITQWRU WUG VJG PWODGT QH HTKGPFU YJQ CTG RTGOKWO
WUGTU VJG PWODGT QH HTKGPFU YJQ CTG HTGG WUGTU VJG UVTGPIVJ QH EQPPGEVKQP DGVYGGP HTKGPFU QH
GCEJ WUGT VJG RC[OGPV UVCVWU CV VKOG t1 CPF VJG PWODGT QH WPKSWG UQPIU VJCV WUGT NKUVGPGF VQ CU

Table 3.5: %QGឹEKGPV QH TGITGUUKQP TGUWNVU
%FQFOEFOU WBSJBCMF
RNC[EQWPVNP EQPXGTV TGVCKP
0-4 MPHJTUJD

 
 

%QPUVCPV ∗∗∗
 −∗∗∗
 

UWD ∗∗∗
 ∗∗∗
 −

2TGOKWO(TKGPF"V ∗

%NWUVGTKPI"V −∗∗∗

(TGG(TKGPF"V ∗∗∗

2TGOKWO(TKGPF"V ∗∗
 ∗∗∗

%NWUVGTKPI"V −
 ∗∗∗

(TGG(TKGPF"V ∗∗
 −∗∗

RNC[EQWPVNP ∗∗∗
 ∗

(TGG(TKGPF"VUWD ∗

RNC[EQWPVNPUWD −∗

1DUGTXCVKQPU   
42 
#FLWUVGF 42 
.QI .KMGNKJQQF − −
#MCKMG +PH %TKV  
4GUKFWCN 5VF 'TTQT  
FH  
( 5VCVKUVKE ∗∗∗ 
FH   
/PUF ∗R< ∗∗R< ∗∗∗R<

VJG GZRNCPCVQT[ XCTKCDNGU CPF VJG UVCVWU QH UWDUETKRVKQP CV VKOG t3 QH GCEJ ITQWR CU VJG FGRGPFGPV
XCTKCDNG 6JG TGUWNV QH TGITGUUKQP YCU UJQYP CU OQFGN 
 CPF OQFGN 
 KP 6CDNG  CPF OCTIKPCN
GាGEV CTG UJQYP CU OQFGN 
 CPF OQFGN 
 KP 6CDNG 
(TQO DQVJ OQFGN 
 CPF OQFGN 
 VJG EQGឹEKGPV UJQYP KP 6CDNG  CPF VJG OCTIKPCN
GាGEV UJQYP KP 6CDNG  QH 2TGOKWO(TKGPF"V CTG RQUKVKXG CV UKIPKិECPV NGXGN  CPF 

EQGឹEKGPV  ∗∗ CPF ∗∗∗ OCTIKPCN GាGEV  0.267∗∗ CPF 74.705∗∗∗ 6JKU OGCPU VJCV
YJGP VJG PWODGT QH HTKGPFU YJQ CTG RTGOKWO WUGTU KPETGCUGU DQVJ VJG EJCPEG VQ UVCTV WUKPI RTG
OKWO UGTXKEG HQT HTGG WUGT CPF VJG EJCPEG VQ EQPVKPWG WUKPI RTGOKWO UGTXKEG HQT RTGOKWO WUGT
CNUQ KPETGCUG 6JGTGHQTG *[RQVJGUKU  KU UWRRQTVGF
6JG EQGឹEKGPV QH %NWUVGTKPI"V QH OQFGN 
 KU PGICVKXG JQYGXGT VJG RXCNWG KU NCTIG UQ
*[RQVJGUKU  KU PQV UWRRQTVGF
*QYGXGT VJG EQGឹEKGPV CPF VJG OCTIKPCN GាGEV QH %NWUVGTKPI"V QH OQFGN 
 KU RQUKVKXG YKVJ
UKIPKិECPV NGXGN  
EQGឹEKGPV  ∗∗∗ CPF OCTIKPCN GាGEV  2251.850∗∗∗ YJKEJ OGCPU
VJCV VJG EJCPEG VQ EQPVKPWG WUKPI RTGOKWO UGTXKEG KPETGCUGU CU VJG UVTGPIVJ QH EQPPGEVKQP DGVYGGP
RTGOKWO HTKGPFU QH VJG RTGOKWO WUGT KPETGCUGU 6JGTGHQTG *[RQVJGUKU  KU UWRRQTVGF
#U VJG EQGឹEKGPV CPF VJG OCTIKPCN GាGEV QH (TGG(TKGPF"V QH OQFGN 
 KU RQUKVKXG YKVJ
UKIPKិECPV NGXGN  
EQGឹEKGPV  ∗∗ CPF OCTIKPCN GាGEV  0.234∗∗ VJG EJCPEG VQ DG
EQOG RTGOKWO WUGT KPETGCUGU CU VJG PWODGT QH HTKGPFU YJQ CTG HTGG WUGTU KPETGCUGU 6JGTGHQTG
*[RQVJGUKU  KU UWRRQTVGF
6JG EQGឹEKGPV CPF VJG OCTIKPCN GាGEV QH (TGG(TKGPF"V QH OQFGN 
 KU PGICVKXG YKVJ UKI
PKិECPV NGXGN  
EQGឹEKGPV  −∗∗ CPF OCTIKPCN GាGEV  −95.658∗∗ 6JKU OGCPU VJCV
VJG EJCPEG VQ EQPVKPWG VQ DG RTGOKWO WUGT FGETGCUGU CU VJG PWODGT QH HTKGPFU YJQ CTG HTGG WUGT
KPETGCUGU HQT WUGT YJQ LWUV UVCTV WUKPI RTGOKWO UGTXKEG #FFKVKQPCNN[ VJG EQGឹEKGPV CPF VJG
OCTIKPCN GាGEV QH KPVGTCEVKQP VGTO (TGG(TKGPF"VUWD QH OQFGN 
 KU RQUKVKXG YKVJ UKIPKិECPV
NGXGN  
EQGឹEKGPV  ∗ CPF OCTIKPCN GាGEV  70.939∗ YJKEJ OGCPU VJG EJCPEG VQ EQP
VKPWG VQ DG RTGOKWO WUGT QH VJG WUGT VJCV EQPVKPWG WUKPI RTGOKWO UGTXKEG DQVJ VKOG t1 CPF t2 KU
CាGEVGF NGUU HTQO VJG PWODGT QH VJG HTKGPFU YJQ CTG HTGG WUGT *QYGXGT CU UJQYP KP 6CDNG 
VJG EQGឹEKGPV CPF OCTIKPCN GាGEV QH VJG ITQWR QH WUGT YJQ EQPVKPWG WUKPI RTGOKWO UGTXKEG CTG
PGICVKXG VJG TGNCVKQPUJKR KU KP VJG UCOG FKTGEVKQP YKVJ VJG WUGTU YJQ UVCTV WUKPI RTGOKWO UGTXKEG
CV t2 6JGTGHQTG *[RQVJGUKU  KU UWRRQTVGF
#U VJG EQGឹEKGPV CPF VJGOCTIKPCN GាGEV QH RNC[EQWPVNP QHOQFGN 
 KU RQUKVKXG YKVJ UKIPKិECPV
NGXGN  
EQGឹEKGPV  ∗∗∗ CPF OCTIKPCN GាGEV  0.146∗∗∗ VJG EJCPEG VQ DGEQOG RTGOKWO

Table 3.6: /CTIKPCN GាGEV QH NQIKV OQFGNU
.BSHJOBM 	Y 

EQPXGTV TGVCKP
UWD 36.893∗∗(0.012) −60.185(0.103)
%NWUVGTKPI"V −6.358(0.004) 2251.850∗∗∗(0.565)
2TGOKWO(TKGPF"V 0.267∗∗(0.000) 74.705∗∗∗(0.016)
(TGG(TKGPF"V 0.234∗∗(0.000) −95.658∗∗(0.030)
RNC[EQWPVNP 0.146∗∗∗(0.000) 12.565∗(0.005)
(TGG(TKGPF"VUWD 70.939∗(0.031)
RNC[EQWPVNPUWD −0.156∗(0.000)
0WO QDU  
.QI .KMGNKJQQF  
&GXKCPEG  
#+%  
$+%  
/PUF ∗R< ∗∗R< ∗∗∗R<
Table 3.7: %QGឹEKGPV CPF OCTIKPCN GាGEV QH TGVCKP
%1'( %1'(UWD F;F: F;F:UWD

+PVGTEGRV 0.519 0.226 0 0.060
HTKGPFUHTGGNP 0.446 0.115 0.096 0.025

WUGT KPETGCUGU CU VJG PWODGT QH NKUVGPGF WPKSWG UQPIU KPETGCUGU HQT WUGT YJQ FQPཐV WUG RTGOKWO
UGTXKEG *QYGXGT VJG EQGឹEKGPV CPF VJG OCTIKPCN GាGEV QH KPVGTCEVKQP VGTO RNC[EQWPVNPUWD
QH OQFGN 
 KU PGICVKXG YKVJ UKIPKិECPV NGXGN  
EQGឹEKGPV  −∗ CPF OCTIKPCN GាGEV 
−0.156∗ CPF CU UJQYP KP 6CDNG  VJG EQGឹEKGPV CPF OCTIKPCN GាGEV QH VJG ITQWR QH WUGT YJQ
UVQR WUKPI RTGOKWO UGTXKEG DGEQOG PGICVKXG 6JKU OGCPU VJCV VJG EJCPEG VQ DGEQOG RTGOKWO
WUGT QH VJG WUGT YJQ UVQR WUKPI RTGOKWO UGTXKEG DGVYGGP VKOG t1 CPF t2 FGETGCUGU KP TGNCVKQP VQ
VJG KPETGCUG QH PWODGT QH VJG NKUVGPGF WPKSWG UQPIU 6JGTGHQTG *[RQVJGUKU  KU UWRRQTVGF
Table 3.8: %QGឹEKGPV CPF OCTIKPCN GាGEV QH EQPXGTV
%1'( %1'(UWD F;F: F;F:UWD

+PVGTEGRV 8.375 4.549 0 0.037
2NC[EQWPVNP 0.160 0.011 0.0001 0.00001
6JG EQGឹEKGPV CPF VJG OCTIKPCN GាGEV QH RNC[EQWPVNP QH OQFGN 
 KU RQUKVKXG YKVJ UKIPKិECPV
NGXGN  
EQGឹEKGPV  ∗ CPF OCTIKPCN GាGEV  12.565∗ YJKEJ OGCPU VJG EJCPEG VQ DGEQOG
RTGOKWO WUGT KPETGCUGU CU VJG PWODGT QH NKUVGPGF WPKSWG UQPIU KPETGCUGU 6JKU TGUWNV UWRRQTVU
*[RQVJGUKU 
Figure 3.2: 4GUWNVU

 %JTDVTTJPO BOE NBOBHFSJBM SFDPNNFOEBUJPOT
#U J[RQVJGUKU  YCU UWRRQTVGF VJG WUCIG QH C WUGT ECP DG UCKF VQ DG TGNCVGF VQ VJG COQWPV QH
KPHQTOCVKQP VJCV VJG WUGT TGEGKXGF HTQO JKUJGT HTKGPFU #FFKVKQPCNN[ VJG WUCIG QH C WUGT CPF ECP
DG KPETGCUGF D[ KPETGCUKPI VJG PWODGT QH HTGG HTKGPFU CPF RTGOKWO HTKGPFU DWV VJG EQPPGEVKQP
UVTGPIVJ DGVYGGP HTKGPFU JCXG VQ DG TGFWEGF 6Q KPETGCUG VJG PWODGT QH HTKGPFU YKVJQWV KPETGCUG
VJG EQPPGEVKQP UVTGPIVJ DGVYGGP HTKGPFU VJG RTQXKFGT ECP TGEQOOGPF HTKGPFU YJKEJ JCXG HGYGT
EQPPGEVKQP VQ VJCV WUGT YJKEJ OGCPU VJCV VJG ETKVGTKC QH HTKGPFཐU TGEQOOGPFCVKQP UJQWNF WUG VJG
DGJCXKQT DCUGF KPUVGCF QH EQOOQP HTKGPF DCUGF
#U J[RQVJGUKU  YCU UWRRQTVGF KPETGCUKPI VJG EQPPGEVKQP HTQO RTGOKWO WUGT VQ VJG QVJGT WUGTU
YKNN KPETGCUG VJG EJCPEG QH DGEQOKPI RTGOKWO WUGT QH VJCV WUGT DWV FWG VQ VJG J[RQVJGUKU  CNUQ DG
UWRRQTVGF EQPPGEVKQPU VQ HTGG WUGTU YKNN KPETGCUG EJCPEG QH WPUWDUETKRVKQP QH VJCV RTGOKWO WUGT
6JKU OGCPU VJCV VJG RTQXKFGT UJQWNF PQV TGEQOOGPF VJG EQPPGEVKQP DGVYGGP HTGG CPF RTGOKWO
WUGTU DWV UJQWNF TGEQOOGPF QPN[ RTGOKWO WUGT VQ RTGOKWO WUGT 6QIGVJGT CU J[RQVJGUKU  YCU
UWRRQTVGF KH EQPPGEVKQP UVTGPIVJ DGVYGGP RTGOKWO WUGTU KPETGCUG VJG EJCPEG VQ EQPVKPWG DGKPI
RTGOKWO WUGT QH VJGKT EQOOQP RTGOKWO HTKGPF YKNN CNUQ KPETGCUG
#U J[RQVJGUKU  YCU PQV UWRRQTVGF VJG TGNCVKQPUJKR DGVYGGP VJG UVTGPIVJ QH EQPPGEVKQP DGVYGGP
HTKGPFU QH HTGG WUGTU CPF EJCPEG QH WPUWDUETKRVKQP ECP DG KIPQTGF 6JKU OC[ DG DGECWUG QH VJG HTGG
HTKGPFU JCXG DQVJ RQUKVKXG CPF PGICVKXG GាGEV VQ VJG HTGG WUGT FWG VQ VJG UGNHKFGPVKV[ VJGQT[ CPF
DQVJ GាGEVU CTG ECPEGNGF KP VJKU ECUG *QYGXGT FWG VQ VJG J[RQVJGUKU  YCU UWRRQTVGF VJG RTQXKFGT
UJQWNF KPETGCUG EQPPGEVKQP DGVYGGP HTGG WUGTU VQ KPETGCUG EJCPEG VQ DGEQOG RTGOKWO WUGT QH VJGKT
EQOOQP HTKGPF
#U J[RQVJGUKU  YCU UWRRQTVGF VJG RTQXKFGT UJQWNF KPETGCUG VJG WUCIG QH HTGG WUGT YJQ PGXGT
UWDUETKDG VQ VJG RTGOKWO UGTXKEGU CPF ិPF VJG WPUWDUETKDGF WUGTU YJQ JCXG NQY WUCIG VQ RTQRQUGF
UQOG OCTMGVKPI ECORCKIP UWEJ CU FKUEQWPV RTQOQVKQP CPF EQOOWPKV[ RCTV[ DGECWUG VJG[ JCXG
JKIJGT EJCPEG VQ DGEQOG RTGOKWO WUGT CICKP YJGP EQORCTGF VQ WPUWDUETKDGF WUGTU YJQ JCXG
JKIJ WUCIG
#U J[RQVJGUKU  YCU UWRRQTVGF VJG RTQXKFGT UJQWNF KPETGCUG VJG WUCIG QH VJG RTGOKWO WUGTU
VQ KPETGCUG VJG EJCPEG VQ EQPVKPWG DGKPI RTGOKWO WUGT YJKEJ ECP DG FQPG D[ TGEQOOGPFKPI PGY
OWUKEU VQ VJCV WUGT
(QT VJG WPFGTUVCPFKPI QH VJG TGNCVKQPUJKR DGVYGGP UQEKCN PGVYQTM WUCIG CPF UWDUETKRVKQP DG
JCXKQT QH VJG WUGTU KP QPNKPGUQEKCNPGVYQTM DCUGF HTGGOKWOOWUKE UVTGCOKPI UGTXKEG VJG F[PCOKE

WUG FKាWUKQP OQFGN ECP DG OQFKិGF D[ CRRN[KPI VJG social network dimension YJKEJ EQPVCKPU
UQEKCN PGVYQTM OGVTKEU QH VJG WUGT KPVQ VJG FGVGTOKPCPVU CPF JKUVQTKECN UWDUETKRVKQP UVCVWU KPVQ KPFGZ
QH VJG OQFGN 6JG OQFKិGF OQFGN ECP DG WUGF VQ CPCN[UKU QPNKPG UQEKCN PGVYQTM DCUGF HTGGOKWO
UGTXKEG YJKEJ KU IGVVKPI RQRWNCT PQY
(TQO VJG TGUWNVU QH J[RQVJGUKU EQPិTOCVKQPU VJG UWIIGUVKQPU YJKEJ ECP DG RTQRQUGF VQ VJG
UGTXKEG RTQXKFGT CTG CDQWV KPETGCUKPI VJG PWODGT QH RTGOKWO WUGTU CPF RTGXGPVKPI EJWTPU
(QT HTGG WUGTU UGTXKEG RTQXKFGTU YCPV VJGO VQ EQPXGTV VQ RTGOKWO WUGTU (TQO VJG TGUWNVU
CDQXG VJG PWODGT QH HTKGPFU KU RQUKVKXG TGNCVGF VQ VJG EJCPEG VQ DGEQOG RTGOKWO WUGT HQT DQVJ
RTGOKWO WUGTU CPF HTGG WUGTU 6JKU OGCPU VJCV KH VJG UGTXKEG RTQXKFGT KPETGCUGU VJG EQPPGEVKQP VQ
QVJGT WUGTU VJG HTGG WUGT OC[ JCXG OQTG EJCPEG VQ DG RTGOKWO WUGT YJKEJ ECP DG FQPG D[ CFF
HTKGPF TGEQOOGPFCVKQP U[UVGO VQ VJG UGTXKEG
(QT RTGOKWO WUGTU UGTXKEG RTQXKFGTU YCPV VQ RTGXGPV EJWTPU (TQO VJG TGUWNVU CDQXG VJG
PWODGT QH HTKGPFU YJQ CTG RTGOKWO WUGTU JCU RQUKVKXG TGNCVKQPUJKR VQ VJG EJCPEG VQ EQPVKPWG WUKPI
RTGOKWO UGTXKEG DWV VJG PWODGT QH HTKGPFU YJQ CTG HTGG WUGT JCU PGICVKXG TGNCVKQPUJKR 6JKU OGCPU
VJCV VJG RTQXKFGT UJQWNF TGEQOOGPF RTGOKWO WUGT VQ DG HTKGPF YKVJ RTGOKWO WUGT VJCP HTGG WUGT
DGECWUG VJG EQPPGEVKQP VQ HTGG WUGT KPETGCUG VJG EJWTP TCVG 6QIGVJGT VJG UVTGPIVJ QH EQPPGEVKQP
DGVYGGP HTKGPFU YJQ CTG RTGOKWO WUGTU CNUQ KPETGCUG VJG EJCPEG VQ EQPVKPWG VQ DG RTGOKWO WUGT
6JG OQTG EQPPGEVKQP DGVYGGP RTGOKWO WUGTU YKNN KPETGCUG UVTGPIVJ QH VJG EQPPGEVKQP CPF KPETGCUG
VJG EJCPEG VQ EQPVKPWG VQ DG RTGOKWO WUGTU CU YGNN (WTVJGTOQTG VJG WUCIG CNUQ JCU RQUKVKXG
TGNCVKQPUJKR VQ VJG EJCPEG VQ EQPVKPWG VQ DG RTGOKWO WUGT YJKEJ OGCPU VJCV VJG TGEQOOGPFCVKQP
QH PGY UQPIU VJCV KPETGCUGU VJG WUCIG CTG CNUQ CDNG VQ RTGXGPV EJWTPU
(QT RGQRNG YJQ UVQR WUKPI RTGOKWO UGTXKEG VJG RTQXKFGT ECP HQEWU QP WUGT YJQ JCU NGUU WUCIG
CPF OQTG PWODGT QH HTKGPFU DGECWUG VJG[ JCXG JKIJGT EJCPEG VQ TGWUG VJG RTGOKWO UGTXKEG 6JG
FKUEQWPV CPF URGEKCN VTCKPKPI HQT VJG RTGOKWO UGTXKEG VQ KPETGCUG RGTEGKXGF RGTHQTOCPEG ECP DG
WUGF VQ RTGXGPV VJG FKUEQPិTOCVKQP QH DGNKGH CICKP
 $PODMVTJPO BOE GVUVSF XPSLT
*[RQVJGUGU KP 5GEVKQP  CPF VJG TGUWNVU QH J[RQVJGUKU VGUVKPI KP 5GEVKQP  EQPិTOGF VJCV VJG
RTGXKQWU WUCIG RCVVGTP CPF VJG UQEKCN PGVYQTM KU TGNCVGF VQ RTGOKWO WUCIG KP PGZV UVGR 6JKU ECP
DG WUGF VQ KORTQXG VJG OQFGN D[ CFFKPI GZRNCPCVQT[ XCTKCDNGU YJKEJ CTG TGNCVGF VQ UQEKCN PGVYQTM
KPVQ VJG OQFGN 6JG XCTKCDNGU VJCV CTG WUGF KP VJKU TGUGCTEJ CTG PWODGT QH HTKGPFU DQVJ RTGOKWO
WUGTU CPF HTGG WUGTU CPF ENWUVGTKPI EQGឹEKGPV YJKEJ UJQYU JQY UVTQPI HTKGPFU EQPPGEVGF VQIGVJGT

6JG J[RQVJGUGU CPF VJG VGUVKPI TGUWNVU UJQY VJCV VJG RC[OGPV CPF WUCIG JKUVQT[ QH WUGTU CNUQ CាGEV
VJGKT EJCPIG QH RTGOKWO UGTXKEG WUCIG 6JGTG KU QPG J[RQVJGUKU YJKEJ CTG PQV UWRRQTVGF D[ VJG
GORKTKECN J[RQVJGUKU VGUVKPI YJKEJ ECP DG TGOQXGF HTQO VJG OQFGN KORTQXGOGPV *QYGXGT VJG
OQTG FCVCUGV JCXG VQ DG WUGF VQ UKIPKិECPVN[ TGLGEV VJG WPUWRRQTVGF J[RQVJGUKU CICKP
#U VJG RTGOKWO UGTXKEG WUCIG ECP DG WUGF CU KPFKECVQT QH UCVKUHCEVKQP VQ VJG UGTXKEG QT VJG ិPCN
QWVEQOG QH VJG F[PCOKE WUGFKាWUKQP OQFGN =? VJG JQWUGJQNF UQEKCN EQPVGZV KP VJG FGVGTOK
PCPVU ECP DG EJCPIGF VQ UQEKCN PGVYQTM OCVTKEGU CPF VJG RC[OGPV RCVVGTP ECP DG CFFGF VQ F[PCOKE
WUGFKាWUKQP KPFGZ HQT VJG HTGGOKWO OWUKE UVTGCOKPI UGTXKEG
(TQO VJG J[RQVJGUKU VGUVKPI TGUWNVU VJG OCPCIGTKCN TGEQOOGPFCVKQP CTG RTQRQUGF HQT VJG
RTQXKFGT VQ KPETGCUG RTGOKWO WUGTU CPF RTGXGPV EJWTPU D[ OCMKPI FKាGTGPV HTKGPF TGEQOOGP
FCVKQP VQ FKាGTGPEG ITQWR QH WUGTU CPF RTQXKFKPI VJG UGNGEVKQP ETKVGTKC QH VJG WUGTU YJQ UVQR WUKPI
RTGOKWO UGTXKEG VQ FQ VCTIGVGF OCTMGVKPI VQ OCMG VJGO WUG VJG RTGOKWO UGTXKEG CICKP
(QT HWVWTG YQTM VJG RTQRQUGF OQFGN ECP DG WUGF VQ RTGFKEV VJG EJCPIG QH UWDUETKRVKQP D[
CRRN[KPI VJGUG RCTCOGVGTU CPFOC[ DG CDNG VQ KPETGCUG EQPXGTUKQP TCVG D[ DQVJ KPETGCUKPI VJG EJCPEG
QH UWDUETKRVKQP CPF FGETGCUKPI VJG PWODGT QH WPUWDUETKRVKQP D[ QាGTKPI UQOG URGEKCN FKUEQWPV VQ
WUGTU YJQ JCXG KPីWGPEG RQYGT #U VJG UWDUETKRVKQP QH VJG WUGT KPETGCUG VJG EJCPEG VQ DG RTGOKWO
WUGT QH VJGKT HTKGPFU VJKU YKNN FGETGCUG VJG EJCPEG QH JKUJGT HTKGPFU VQ WPUWDUETKDG VQQ 6QIGVJGT
VJG OQFGN ECP DG CRRNKGF VQ VJG QVJGT HTGGOKWO QPNKPG UGTXKEGU UWEJ CU XKFGQ UVTGCOKPI UGTXKEGU
QT QPNKPG FCVC UVQTCIG UGTXKEGU

%JCRVGT 
RECOMMENDATION SYSTEM BY RANDOMWALKWITH RESTART
USING CONDITIONAL TRANSITION PROBABILITY ON SOCIAL
INFORMATION
# TGEQOOGPFCVKQP U[UVGO KU CP KPHQTOCVKQP TGVTKGXCN U[UVGO VJCV GORNQ[U WUGT RTQFWEV CPF
QVJGT TGNCVGF KPHQTOCVKQP VQ KPHGT TGNCVKQPUJKRU COQPI FCVC VQ QាGT RTQFWEV TGEQOOGPFCVKQPU 6JG
DCUKE CUUWORVKQP KU VJCV HTKGPFU QT WUGTU YKVJ UKOKNCT DGJCXKQT YKNN JCXG UKOKNCT KPVGTGUVU 6JG NCTIG
PWODGT QH RTQFWEVU CXCKNCDNG VQFC[ OCMGU KV KORQUUKDNG HQT CP[ WUGT VQ GZRNQTG CNN QH VJGO CPF
KPETGCUGU VJG KORQTVCPEG QH TGEQOOGPFCVKQP U[UVGOU *QYGXGT C TGEQOOGPFCVKQP U[UVGO PQT
OCNN[ TGSWKTGU EQORTGJGPUKXG FCVC TGNCVKPI WUGTU CPF RTQFWEVU +PUWឹEKGPVN[ EQORTGJGPUKXG FCVC
ETGCVGU FKឹEWNVKGU HQT ETGCVKPI IQQF TGEQOOGPFCVKQPU 4GEQOOGPFCVKQP U[UVGOU HQT KPEQORNGVG
FCVC JCXG DGEQOG CP CEVKXG TGUGCTEJ CTGC 1PG CRRTQCEJ VQ UQNXG VJKU RTQDNGO KU VQ WUG TCPFQO
YCNM YKVJ TGUVCTV 
494 YJKEJ UKIPKិECPVN[ TGFWEGU VJG SWCPVKV[ QH FCVC TGSWKTGF CPF JCU DGGP
UJQYP VQ QWVRGTHQTO EQNNCDQTCVKXG ិNVGTKPI VJG EWTTGPVN[ RQRWNCT CRRTQCEJ 6JKU UVWF[ GZRNQTGU
JQY VQ KPETGCUG VJG GឹEKGPE[ QH VJG 494 CRRTQCEJ 9G TGRNCEG VTCPUKVKQP OCVTKEGU VJCV WUG KP
HQTOCVKQP TGICTFKPI TGNCVKQPUJKRU DGVYGGP WUGT WUCIG CPF VCIU YKVJ VTCPUKVKQP OCVTKEGU VJCV WUG
EQPFKVKQPCN RTQDCDKNKV[ DCUGF QP UQEKCN KPHQTOCVKQP CPF YG EQORCTG VJG GឹEKGPE[ QH VJG VYQ CR
RTQCEJGU WUKPI OGCP CXGTCIG RTGEKUKQP #P GZRGTKOGPV YCU EQPFWEVGF WUKPI OWUKE KPHQTOCVKQP
FCVC HTQO NCUVHO 6JG TGUWNV UJQYU VJCV QWT CRRTQCEJ RTQXKFGU DGVVGT TGEQOOGPFCVKQPU URGEKCNN[
KP NKOKVGF FCVC ECUG
 *OUSPEVDUJPO
'ZRQPGPVKCN KPETGCUGU KP CXCKNCDNG KPHQTOCVKQP GORJCUK\G VJG KORQTVCPEG QH KPHQTOCVKQP ិNVGTKPI
U[UVGOU #U UVCVGF D[ %JTKU #PFGTUQP ན6JG UGETGV VQ ETGCVKPI C VJTKXKPI .QPI 6CKN DWUKPGUU ECP
DG UWOOCTK\GF KP VYQ KORGTCVKXGU 
 /CMG GXGT[VJKPI CXCKNCDNG 
 *GNR OG ិPF KVཔ =? 6JG
UWEEGUU QH CP[ QPNKPG UGTXKEG NKGU KP JGNRKPI WUGTU ិPF YJCV VJG[ CTG KPVGTGUVGF KP GXGP DGHQTG VJG[
TGCNK\G VJCV VJG[ CTG KPVGTGUVGF KP KV 4GEQOOGPFCVKQP U[UVGOU JGNR QPNKPG UGTXKEG RTQXKFGTU QាGT
RGTUQPCNK\GF RTQFWEV UWIIGUVKQPU D[ RTGFKEVKPI WUGT TGURQPUGU VQ KVGOU VJG[ JCXG PQV [GV EQPUKFGTGF
6TCFKVKQPCN TGEQOOGPFCVKQP U[UVGOU CEJKGXG VJKU IQCN D[ WUKPI GKVJGT EQPVGPVDCUGF ិNVGTKPI


%$( YJKEJ CPCN[\GU RTQFWEV EJCTCEVGTKUVKEU QT EQNNCDQTCVKXG ិNVGTKPI 
%( YJKEJ CPCN[\GU WUGT
DGJCXKQTU *QYGXGT VJG RQRWNCTKV[ QH UQEKCN PGVYQTMKPI JCU RTQORVGF TGUGCTEJGTU VQ WUG VJG EQP
EGRV QH HTKGPFUJKR CPF UQEKCN KPHQTOCVKQP VQ KPETGCUG TGEQOOGPFCVKQP CEEWTCE[ -QPUVCU GV CN =?
UJQYGF VJCV C IGPGTKE HTCOGYQTM QH TCPFQO YCNM YKVJ TGUVCTV 
494 VJCV KPENWFGU UQEKCN CPPQVC
VKQP 
VCIU CPF HTKGPFUJKR GUVCDNKUJGF COQPI WUGTU QWVRGTHQTOU VJG EWTTGPVN[ RQRWNCT %( CRRTQCEJ
9JKNG UQEKCN CPPQVCVKQPU CPF HTKGPFUJKR FCVC ECRVWTG UQOG KPHQTOCVKQP TGICTFKPI JQY C WUGT KU
TGNCVGF VQ C RTQFWEV KV FQGU PQV RTQXKFG C UVTCKIJVHQTYCTF RTQDCDKNKV[ 6JG CWVJQTU J[RQVJGUK\G
VJCV VJKU TGNCVKQPUJKR KU ECRVWTGF OQTG GាGEVKXGN[ WUKPI EQPFKVKQPCN RTQDCDKNKV[ VTCPUKVKQP DCUGF QP
UQEKCN PGVYQTM KPHQTOCVKQP QH VJG WUGT KPUVGCF QH VJG FKTGEVKQP TGNCVKQP DGVYGGP WUGTU KVGOU CPF
VCIU +P VJKU UVWF[ YG GZVGPF VJG YQTM QH -QPUVCU GV CN =? WUKPI EQPFKVKQPCN RTQDCDKNKV[ VTCP
UKVKQP DCUGF QP UQEKCN PGVYQTM KPHQTOCVKQP QH VJG WUGT KP 494’U VTCPUKVKQP OCVTKEGU VQ KPETGCUG
TGEQOOGPFCVKQP CEEWTCE[
9G GXCNWCVGF QWT OQFKិGF OQFGN CICKPUV VJG OGVJQF RTQRQUGF D[ -QPUVCU GV CN =? QP C FCVC
UGV YG EQNNGEVGF HTQO NCUVHO CP QPNKPG OWUKE TGEQOOGPFCVKQP UGTXKEG 6JG FCVCUGV KPENWFGU WUGT
HTKGPFUJKR CTVKUV CPF WUCIG FCVC 6JG OQFKិGF OQFGN CEJKGXGF DGVVGT TGEQOOGPFCVKQP CEEWTCE[
RCTVKEWNCTN[ YKVJ NKOKVGF FCVC 
 QH FCVC TGOQXGF 6JG EQPVTKDWVKQPU QH VJKU UVWF[ KPENWFG VJG
HQNNQYKPI
ཙ 9G GXCNWCVGF VJG WUG QH UQEKCN PGVYQTM DCUGF EQPFKVKQPCN RTQDCDKNKV[ KP 494 VTCPUKVKQP
OCVTKEGU CPF HQWPF VJCV KV QWVRGTHQTOU VJG QTKIKPCN 494 OQFGN
ཙ 9G EJCPIGF HTQO VTCEM VQ CTVKUV TGEQOOGPFCVKQPU
ཙ 9G HQWPF VJCV EJCPIGU KP RCTCOGVGTU 
CNRJC JCXG NKVVNG GាGEV QP TGEQOOGPFCVKQP CEEWTCEKGU
6JG TGUV QH VJKU RCRGT KU QTICPK\GF CU HQNNQYU 5GEVKQP  TGXKGYU RTGXKQWU TGNCVGF YQTM 5GE
VKQP  FGUETKDGU VJG RTQRQUGF OGVJQF 6JG GZRGTKOGPVU KPENWFKPI JQY YG EQNNGEVGF FCVC HTQO
NCUVHO CTG GZRNCKPGF KP 5GEVKQP  9G FKUEWUU VJG KORNKECVKQPU QH QWT UVWF[ CPF FTCY EQPENWUKQPU
KP 5GEVKQP  CPF 5GEVKQP  TGURGEVKXGN[
 3FMBUFE 8PSL
 *OGPSNBUJPO 3FUSJFWBM
+PHQTOCVKQP TGVTKGXCN 
+4 KU VJG ិPFKPI QH KPHQTOCVKQP VJCV KU TGNGXCPV CPF UCVKUិGU CP KPHQTOCVKQP
PGGF HTQO C PQTOCNN[ WPUVTWEVWTGF CPF NCTIG EQNNGEVKQP QH KPHQTOCVKQP TGUQWTEGU #U EQNNGEVKQP QH

KPHQTOCVKQP TGUQWTEGU KU DKI RGQRNG JCXG FKឹEWNVKGU KP PCXKICVKPI YKVJKP VJG EQNNGEVKQP OCPWCNN[
5WEJ FKឹEWNVKGU CTG ECNNGF JOGPSNBUJPO PWFSMPBE CPF CWVQOCVGF KPHQTOCVKQP TGVTKGXCN U[UVGOU JGNR
TGFWEG VJG FKឹEWNVKGU =?
6JG VYQ OQUV HTGSWGPV CPF DCUKE OGCUWTGU HQT KPHQTOCVKQP TGVTKGXCN GាGEVKXGPGUU CTG RTGEKUKQP
CPF TGECNN =? 2TGEKUKQP 
2 KU VJG RGTEGPVCIG QH TGVTKGXGF KPHQTOCVKQP VJCV CTG TGNGXCPV CPF TGECNN

4 KU VJG RGTEGPVCIG QH TGNGXCPV KPHQTOCVKQP VJCV CTG TGVTKGXGF CU ECNEWNCVGF D[ HQTOWNC 
 CPF


2TGEKUKQP = (TGNGXCPV KVGOU TGVTKGXGF)(TGVTKGXGF KVGOU) 

4GECNN = (TGNGXCPV KVGOU TGVTKGXGF)(TGNGXCPV KVGOU) 

6JG UVCPFCTF OGCUWTG KP VJG 6GZV 4GVTKGXCN %QPHGTGPEG 
64'% JVVRVTGEPKUVIQX EQOOW
PKV[ KU VJG OGCP CXGTCIG RTGEKUKQP 
/#2 YJKEJ RTQXKFGU C UKPINGិIWTG SWCNKV[ OGCUWTG CETQUU
TGECNN NGXGNU +P RCTVKEWNCT COQPI CXCKNCDNG GXCNWCVKQP OGCUWTGU /#2 JCU DGGP UJQYP VQ JCXG
GាGEVKXG FKUETKOKPCVKQP CPF UVCDKNKV[ =?
(QT GCEJ KPHQTOCVKQP SWGT[ VJG CXGTCIG RTGEKUKQP 
#2 KU ECNEWNCVGF D[ CXGTCIKPI VJG RTGEKUKQP
XCNWG QH C UGV QH FQEWOGPVU CHVGT GCEJ TGNGXCPV FQEWOGPV KU TGVTKGXGF /#2 KU VJG CXGTCIG #2 HQT
CNN SWGTKGU HQT CNN VJG TGNCVGF FQEWOGPVU +P QVJGT YQTFU KH VJG UGV QH TGNGXCPV FQEWOGPVU HQT CP
KPHQTOCVKQP PGGF qj ∈ Q KU d1, . . . , dmj CPF Rjk KU VJG UGV QH TCPMGF TGVTKGXCN TGUWNVU HTQO VJG VQR
TGUWNV WPVKN [QW CTTKXG CV FQEWOGPV dk VJGP
MAP (Q) =
1
|Q|
|Q|∑
j=1
1
mj
mj∑
k=1
Precision(Rjk) 

 3FDPNNFOEBUJPO TZTUFNT
4GEQOOGPFCVKQP U[UVGOU UQOGVKOGU CNUQ ECNNGF ནTGEQOOGPFGT U[UVGOU”CTG CP GZVGPUKXG ENCUU
QH 9GD CRRNKECVKQPU VJCV KPXQNXG RTGFKEVKPI WUGT TGURQPUGU VQ QRVKQPU =?
6JGTG JCU DGGP UWDUVCPVKCN TGUGCTEJ QP VJKU VQRKE UJQYKPI VJCV C TGEQOOGPFCVKQP U[UVGO ECP
JGNR WUGTU YKVJ KPHQTOCVKQP TGVTKGXCN 
=     ?
5WEJ U[UVGOU V[RKECNN[ WUG QPG QH VJTGG CRRTQCEJGU
 %QNNCDQTCVKXG ិNVGTKPI 
%( =? 6JKU OGVJQF GORNQ[U WUGT DGJCXKQT KPHQTOCVKQP UWEJ CU
TCVKPIU QT WUCIG QH CP KVGO VQ ិPF UKOKNCT WUGTU CPF VT[ VQ RTGFKEV C OKUUKPI WUCIG QT TCVKPI
6JGTG JCXG DGGP OCP[ UVWFKGU WUKPI U[UVGOU YKVJ VJKU CRRTQCEJ #U GZCORNGU

ཙ %JQ GV CN =? WUG FCVC OKPKPI CPF FGEKUKQP VTGG QP YGD WUCIG YJKNG
ཙ -KO GV CN =? ETGCVG ITQWRU QH RGQRNG YJQ JCXG UKOKNCT CEVKXKVKGU YKVJ KVGOU
 %QPVGPVDCUGF ិNVGTKPI 
%$( 6JKU OGVJQF WUGU KVGO UKOKNCTKVKGU CPF TGEQOOGPFU VJG KVGO
ENQUGUV VQ VJG KVGOU WUGF D[ C VCTIGV WUGT #U GZCORNGU
ཙ $CTCINKC CPF 5KNXGUVTK =? ENWUVGT VJG EQPVGPVU CPF WUG VJG TGUWNVU HQT TGEQOOGPFCVKQP
YJKNG
ཙ *CP GV CN =? KPVTQFWEG CP CNIQTKVJO DCUGF QP TWNGU ETGCVGF HTQO EQODKPCVKQPU QH
KVGOU UGNGEVGF VQIGVJGT
 *[DTKF TGEQOOGPFCVKQP U[UVGOU =? 6JKU CRRTQCEJ WUGU KPHQTOCVKQP TGICTFKPI DQVJ WUGTU
CPF KVGOU
4GEGPV TCRKF UQEKCN PGVYQTM ITQYVJ JCU ETGCVGF KPVGTGUV KP WUKPI UQEKCN KPHQTOCVKQP KP TGEQO
OGPFCVKQP U[UVGOU 5VWFKGU JCXG UJQYP VJCV RGQRNG QP VJG UCOG PGVYQTM QT JCXKPI HTKGPFUJKR
TGNCVKQPU UJCTG UKOKNCTKVKGU 
=  ? 6JKU UJQYU VJCV UQEKCN KPHQTOCVKQP ECP DG WUGF VQ UWIIGUV
FKTGEVKQPU HQT ិPFKPI TGEQOOGPFCVKQPU DCUGF QP TGNCVKQPUJKR CPF KVGO WUCIG KPHQTOCVKQP
6CIIKPI KP YJKEJ WUGTIGPGTCVGF MG[YQTFU CTG CVVCEJGF VQ QPNKPG EQPVGPVU KU CNUQ WUGF KP
TGEQOOGPFCVKQP U[UVGOU HQT GZCORNG VQ KFGPVKH[ KVGOU VQ DG TGVTKGXGF KP VJG HWVWTG 
=  
 ? 5VWFKGU JCXG UJQYP C TGNCVKQPUJKR DGVYGGP HTKGPFUJKR CPF VCIIKPI QT UQEKCN DQQMOCTMU

= ?
# VCIIKPI U[UVGO 
HQNMUQPQO[ OQFGN KU QHVGP EJCTCEVGTK\GF D[ C VTKRCTVKVG ITCRJ YKVJ J[RGT
GFIGU 6JG VJTGG FKULQKPV ិPKVG UGVU QH UWEJ C ITCRJ EQTTGURQPF VQ
 C UGV QH RGTUQPU QT WUGTU u ∈ U
 C UGV QH TGUQWTEGU QT QDLGEVU o ∈ O CPF
 C UGV QH CPPQVCVKQPU QT VCIU t ∈ T
YJKEJ CTG WUGF D[ WUGTU U VQ CPPQVCVG QDLGEVUO # XGT[ IGPGTCN OQFGN QH HQNMUQPQOKGU KU FGិPGF
D[ C UGV QH CPPQVCVKQPU F ⊆ U × T ×O 
=   ?
5VWFKGU JCXG UJQYP VJCV VCIU ECP DG WUGF CU KPRWVU VQ C TGEQOOGPFCVKQP U[UVGO 
=  
?

*QYGXGT UKPEG C TGEQOOGPFCVKQP U[UVGO WUGU KPHQTOCVKQP CU KPRWV C U[UVGO ECPPQV RTQXKFG
UWKVCDNG TGEQOOGPFCVKQPU YJGP VJGTG KU KPUWឹEKGPV QT URCTUG FCVC
*WCPI GV CN =? ETGCVGF UQEKCN KVGOCPFWUGT ITCRJU CPF WUGF ITCRJ CPCN[UKU QP VJKU RTQDNGO
 3BOEPN XBML XJUI SFTUBSU 	383

4CPFQO YCNM C UGTKGU QH TCPFQO XCTKCDNGU =? YCU ិTUV KPVTQFWEGF D[ -CTN 2GCTUQP KP 
=? CPF JCU DGGP WUGF KP OCP[ ិGNFU )QQINGရཐU YGNNMPQYP 2CIG4CPM KU DCUGF QP TCPFQO
YCNM =?
4CPFQO YCNM QP ITCRJU KU C UGTKGU QH TCPFQO XCTKCDNGU Xi YJGTG Xi KU C EQPPGEVGF XGTVGZ
UGNGEVKQP HQT GCEJ PQFG QH GCEJ UVGR 
=  ?
494 KU VJG TCPFQO YCNM VJCV JCU RTQDCDKNKV[ α QH LWORKPI VQ VJG UVCTVKPI RQKPV CU UJQYP KP
GSWCVKQP 

pt+1 = (1− α)Spt + αq 

YJGTG pt CPF pt+1 CTG VJG RTQDCDKNKVKGU QH TGOCKPKPI CV GCEJ PQFG CV UVGRU t CPF t+1 S KU VJG
VTCPUKVKQP OCVTKZ α KU VJG TGUVCTV TCVKQ CPF q KU VJG RTQDCDKNKV[ QH TGOCKPKPI CV GCEJ PQFG CV VJG
UVCTVKPI UVGR
9JGP VJG UVCTV UVCIG RTQDCDKNKVKGU CTG UGV GSWCN CU KP 
 VJG RTQDCDKNKVKGU CV VJG UVCDNG UVCIG
QH PQFG [ UJQY VJG TGNCVKQPUJKR DGVYGGP PQFG x CPF y 
= ?
qi =
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6Q KORTQXG TGEQOOGPFCVKQP CEEWTCE[ VJG VTCFKVKQPCN VTCPUKVKQP OCVTKEGU CTG TGRNCEGF YKVJ
UQEKCNPGVYQTMDCUGF EQPFKVKQPCN RTQDCDKNKV[ VTCPUKVKQP OCVTKEGU 6JG OCKP KFGC KU VQ WVKNK\G DQVJ
KPHQTOCVKQP HTQO VJG WUGT CPF KPHQTOCVKQP HTQO VJG WUGTཐU HTKGPFU KPUVGCF QH WUKPI QPN[ VJCV WUGTཐU
KPHQTOCVKQP 6JG EQPUVTWEVGF UQEKCNPGVYQTMDCUGF EQPFKVKQPCN RTQDCDKNKV[ VTCPUKVKQP OCVTKEGU CTG
WUGF VQ RGTHQTO 494 QP VJG ITCRJ
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6JGTG CTG  VTCPUKVKQPU KP VJG VTCPUKVKQP OCVTKZ CU KNNWUVTCVGF D[ VJG CTTQYU KP (KI  6JG
UQEKCN KPHQTOCVKQP CTG CFFGF KPVQ VJG VTCPUKVKQP OCVTKZ CU HQNNQYU
ཙ (QT VTCPUKVKQP HTQO WUGT VQ CTVKUV 
AUa,u VJG OQTG NKUVGPKPI EQWPVU HTQO VJG HTKGPFU QH VJCV
WUGTU VJG JKIJGT VJG VTCPUKVKQP RTQDCDKNKV[ 6JGTGHQTG VJG RTQDCDKNKV[ VJCV VJG YCNMGT YKNN
OQXG HTQO WUGT PQFG i VQ CTVKUV PQFG j YCU EJCPIGF VQ CFF UQEKCN KPHQTOCVKQP +P =? VJKU
YCU VJG TCVKQ QH VJG PWODGT QH VKOGU VJCV WUGT i NKUVGPU VQ CTVKUV j VQ VJG PWODGT QH VKOGU
VJCV WUGT i NKUVGPU VQ CNN UQPIU 6Q CFF UQEKCN KPHQTOCVKQP VJKU YCU EJCPIGF VQ VJG TCVKQ QH
VJG PWODGT QH VKOGU VJCV WUGT i CPF JKU HTKGPFU NKUVGP VQ CTVKUV j VQ VJG PWODGT QH VKOGU VJCV
CNN WUGTU NKUVGP VQ CTVKUV j FKXKFGF D[ VJG TCVKQ QH VJG PWODGT QH HTKGPFU QH WUGT i VQ VJG VQVCN
PWODGT QH WUGTU 6JKU [KGNFU GSWCVKQPU 
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ཙ (QT VTCPUKVKQP HTQO CTVKUV VQ WUGT 
UAu,a VJG OQTG NKUVGPKPI EQWPVU HTQO VJG HTKGPFU QH VJCV
WUGTU VJG JKIJGT VJG VTCPUKVKQP RTQDCDKNKV[
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ཙ (QT VTCPUKVKQP HTQO VCI VQ WUGT 
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 VJG OQTG EQOOQP WUGTU VJCV NKUVGP VQ VJGKT UQPIU
VJG JKIJGT VJG VTCPUKVKQP RTQDCDKNKV[
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ཙ (QT VTCPUKVKQP HTQO VCI VQ CTVKUV 
ATa,t VJG JKIJGT NKUVGPKPI EQWPVU HTQO WUGT VJCV VCI VQ VJG
CTVKUV VJG JKIJGT VJG VTCPUKVKQP RTQDCDKNKV[
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ཙ (QT VTCPUKVKQP HTQO WUGT VQ VCI 
TUt,u VJG OQTG HTKGPFU QH VJG WUGT VJCV WUG VJG VCI VJG
JKIJGT VJG VTCPUKVKQP RTQDCDKNKV[
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ཙ (QT VTCPUKVKQP HTQO CTVKUV VQ VCI 
TAt,a VJG JKIJGT NKUVGPKPI EQWPVU QH VJG WUGT VJCV WUG VJG
VCI VQ VJCV CTVKUV VJG JKIJGT VJG VTCPUKVKQP RTQDCDKNKV[
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ཙ (QT VTCPUKVKQP HTQO VCI VQ VCI 
TTi,j VJG OQTG EQOOQP WUGTU VJCV VCI DQVJ VJG JKIJGT VJG
VTCPUKVKQP RTQDCDKNKV[
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6JGUG VTCPUKVKQP RTQDCDKNKVKGU JCXG VQ DG PQTOCNK\GF VQ  KP CNN V[RG QH VTCPUKVKQP CFLCEGPE[
OCVTKEGU UJQYP KP (KI 
 &YQFSJNFOUT
 %BUB DPMMFDUJPO
&CVC HTQO NCUVHO YGTG EQNNGEVGF VJTQWIJ VJGKT HTGG YGD UGTXKEG #2+ YJKEJ RTQXKFGF FCVC KP ZON
HQTOCV 6JG GUUGPVKCN FCVC KPENWFGU WUGT KPHQTOCVKQP YJKEJ ECP DG QDVCKPGF HTQO WUGTIGV+PHQ 6JG
WUGT KF NKUV YCU PQV RWDNKE KPHQTOCVKQP DWV VJG CWVJQTU YQTMGF CTQWPF VJKU RTQDNGO D[ TGSWGUVKPI
TCPFQO WUGT KFU CPF QDVCKPGF OQTG KPHQTOCVKQP HTQO VJG WUGTཐU HTKGPF TGNCVKQPU 
WUGTIGV(TKGPFU
4GRGCVKPI VJKU RTQEGUU RTQXKFGF WU YKVJ C SWCPVKV[ QH WUGT KPHQTOCVKQP #PQVJGT GUUGPVKCN FCVWO KU
VJG CTVKUV KPHQTOCVKQP YJKEJ YCU QDVCKPGF VJTQWIJ WUGTIGV6QR#TVKUVU 6JG KPHQTOCVKQP CUUQEKCVGF
YKVJ VJKU KPENWFGU RNC[ EQWPVU 
VJG PWODGT QH VKOGU VJKU WUGT RNC[U UQPIU HTQO VJKU CTVKUV CPF
UQEKCN VCIU 
WUGTIGV6QR6CIU 6JG TGNCVKQPUJKRU DGVYGGP WUGTU CTVKUVU CPF VCIU YGTG CNUQ EQNNGEVGF
VJTQWIJ WUGTIGV2GTUQPCN6CIU 6JG NCUVHO NKEGPUG CITGGOGPV HQTDKFU QDVCKPKPI CP GZJCWUVKXG NKUV
QH FCVC JGPEG VJG CWVJQTU EQNNGEVGF C UWDUGV QH FCVC KPENWFKPI  WUGTU  CTVKUVU CPF
 VCIU
 %BUB TFU
6JG FCVC HTQO NCUVHO CTG VQQ PWOGTQWU VQ ETGCVG CP GZJCWUVKXG VTCPUKVKQP OCVTKZ 6Q VGUV QWT
OGVJQF WUGTU CPF CTVKUVU YGTG TCPFQON[ UGNGEVGF WUKPI VJG UCOG OGVJQF CU VJCV YCU WUGF VQ EQNNGEV
VJG FCVC # WUGT YCU ិTUV TCPFQON[ UGNGEVGF CPF CNN VJG WUGTཐU HTKGPFU YGTG KPENWFGF 6JGP CNN VJG
CTVKUVU VJKU WUGT NKUVGPGF VQ CPF CNN VJG WUGTཐU VCIU YGTG KPENWFGF 6JKU RTQEGUU YCU WPVKN VJG VCTIGV
FCVC UK\G YCU TGCEJGF 
%CUG   WUGTU  CTVKUVU CPF  VCIU %CUG   WUGTU 
CTVKUVU CPF  VCIU (QT GCEJ ECUG UQOG FCVC TGICTFKPI JQY WUGTU NKUVGPGF VQ VJGKT CTVKUVU YGTG
TCPFQON[ FGNGVGF D[     CPF  6JGP VJG TGOCKPKPI FCVC YGTG WUGF VQ
ETGCVG C VTCPUKVKQP OCVTKZ CU FGUETKDGF KP VJG /GVJQFQNQI[ UGEVKQP (QT RGTHQTOCPEG EQORCTKUQP
VJG CWVJQTU CNUQ ETGCVGF VJG VTCPUKVKQP OCVTKEGU WUKPI VJG OGVJQF FGUETKDGF KP =? 6JKU TGUWNVGF
KP  FCVC UGVU 'CEJ FCVC UGV TGEGKXGF PKPG TGUVCTV TCVKQPU 
α CNRJCU      
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 &WBMVBUJPO
9G GXCNWCVGF QWT OGVJQF D[ ETGCVKPI TGEQOOGPFCVKQPU HQT GCEJ WUGT WUKPI 494 HQT GCEJ FCVC UGV
CPF VJG  UGV QH VTCPUKVKQP OCVTKEGU 'CEJ WUGT JCU C UQTVGF TGEQOOGPFCVKQP NKUV DCUGF QP CTVKUVUཐ
TGURGEVKXG RTQDCDKNKVKGU
6JG 494 GSWCVKQP YCU UQNXGF pˆ = αSpˆ+ (1− α)q CU
(I − αS)pˆ = (1− α)q 

pˆ = (I − αS)−1(1− α)q 

CPF VJG RTQDCDKNKVKGU p CPF q YGTG QDVCKPGF CV VJG EQPXGTIGPEG CPF TGUVCTV UVCIGU
6JGP VJG CTVKUVU YJQ CNTGCF[ GZKUV KP VJG WUGTཐU JKUVQT[ YGTG TGOQXGF CPF VJG CWVJQTU EQORCTGF
VJG TGOCKPKPI CTVKUVU VQ ECNEWNCVG RTGEKUKQPU CPF /#2U
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YJGTG Precision(Rjk)  CTVKUVU YJQ WUGT j NKUVGPGF VQ KP TGEQOOGPFCVKQP TGUWNVU HTQO TCPM 
VQ k CPFmj KU PWODGT QH TGEQOOGPFCVKQPU TGVWTPGF HQT GCEJ SWGT[ 
QPG SWGT[ HQT GCEJ WUGT
 3FTVMUT BOE %JTDVTTJPO
 $PNQBSJOH &ઢFDUT PG 3FTUBSU 3BUJP
6CDNG  UJQYU VJG CXGTCIGF /#2 HTQO CNN ECUG GាGEVGF D[ TGUVCTV TCVKQ α 6JG α = 0.4 [KGNFU
VJG JKIJGUV /#2 DWV VJG EJCPIG KU KPUKIPKិECPV
 $PNQBSJOH &ઢFDUT PG %BUB 4J[F
(KI  UJQYU VJG /#2 HQT GCEJ VGUV ECUG ITQWR YKVJ     CPF  QH VJG
NKUVGPKPI FCVC FGNGVGF 6JKU TGUWNV UJQYU VJCV YKVJ VJG RTQRQUGF OGVJQF VJG TGEQOOGPFCVKQP
GឹEKGPE[ 
/#2 KU PQV CាGEVGF D[ VJG SWCPVKV[ QH FCVC WUGF 6JG RTGXKQWU OGVJQF UJQY VJG
EJCPIGF QH RGTHQTOCPEG GាGEVGF D[ UK\G QH FCVC *QYGXGT VJG RTQRQUGF VTCPUKVKQP OCVTKZ UJQY
CV VJG XGT[ UOCNN UK\G QH VJG FCVC 
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Figure 4.3: %QORCTKPI VJG /#2 QH GCEJ TGUWNV YKVJ EJCPIG KP FCVC UK\G 6JG ZCZKU UJQYU EJCPIG KP FCVC
UK\G YJGP VJG NKUVGPKPI FCVC YGTG FGNGVGF     CPF  CPF VJG [CZKU UJQYU VJG /#2
(QWT NKPGU TGUWNVGF HTQO  V[RGU QH VTCPUKVKQP OCVTKZ 
RTQRQUGF 5 HQT 5QEKCN KPHQTOCVKQP DCUGF VTCPUKVKQP
OCVTKEGU CPF & HQT FKTGEVGF ECNEWNCVKQP × VYQ UGVU QH FCVC UK\G 
 CPF  CTVKUVU YJKEJ UJQYP D[
V[RG QH VTCPUKVKQP OCVTKZ 
5 QT & CPF PWODGT QH CTVKUVU
 QT  6JG TGUWNV UJQYU VJCV VJG RTQRQUGF
OGVJQF RGTHQTOU DGVVGT VJCP RTGXKQWU OGVJQFU HQT C UOCNN SWCPVKV[ QH FCVC
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Table 4.1: .QPI VCDNG ECRVKQP
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 $PODMVTJPO
+P VJG KPHQTOCVKQP QXGTNQCF GTC TGEQOOGPFCVKQP U[UVGOU CTG GUUGPVKCN KP JGNRKPI WUGTU FKUEQXGT VJG
KPHQTOCVKQP VJG[ CTG NQQMKPI HQT 494 JCU DGGP WUGF KP TGEQOOGPFCVKQP U[UVGOU VQ TGFWEG VJG
COQWPV QH KPHQTOCVKQP TGSWKTGF VQ QាGT C TGEQOOGPFCVKQP 6JKU UVWF[ UJQYGF VJCV 494 YQTMU
YGNN GXGP KP VJG ECUG QH NKOKVGF FCVC SWCPVKV[ 6JG GាGEVU QH 494’U TGUVCTV TCVKQ YCU GZCOKPGF
CPF VJG TGUVCTV TCVKQ α = 0.4 [KGNFGF VJG DGUV TGEQOOGPFCVKQP CEEWTCEKGU 5QEKCN KPHQTOCVKQP
DCUGF RTQDCDKNKVKGU YCU WUGF KP ETGCVKPI VTCPUKVKQPOCVTKEGU CPF VGUVGF YKVJ C FCVC UGV EQNNGEVGF HTQO
NCUVHO 6JG TGUWNVU UJQYGF VJCV UQEKCN KPHQTOCVKQP DCUGF RTQDCDKNKV[ VTCPUKVKQPOCVTKEGU QWVRGTHQTO
VJG VTCFKVKQPCN VTCPUKVKQP OCVTKEGU
1WT OGVJQF TGNKGU QP 494 YJQUG ETGCVKQP CPF KPXGTUKQP QH VTCPUKVKQP OCVTKEGU TGSWKTG UWD
UVCPVKCN OGOQT[ 6JGTGHQTG HQT CP KPETGCUKPI PWODGT QH WUGTU QT KVGOU UVTCKIJVHQTYCTF 494
KORNGOGPVCVKQP EQWNF TGUWNV KP OGOQT[ QT URGGF NKOKVCVKQPU 6JGTG JCU DGGP TGUGCTEJ QP KPETGCU
KPI VJG GឹEKGPE[ QH 494 VJCV ECP DG CRRNKGF JGTG VQ YQTM CTQWPF VJKU RTQDNGO
/CLQT FKTGEVKQPU HQT HWVWTG YQTM KPENWFG KORTQXKPI VJG GឹEKGPE[ QH WUKPI 494 KP TGEQO
OGPFCVKQP U[UVGOU RCTVKEWNCTN[ YKVJ TGICTF VQ ECNEWNCVKQP EQUVU 1PG CRRTQCEJ KU VQ UGNGEV UWKVCDNG
KVGTCVKXG 494 OGVJQFU QT VQ EQORWVG VJG KPXGTUG QH VJG VTCPUKVKQP OCVTKZ 6JG OCVTKZ KPXGTUKQP
CRRTQCEJ TGSWKTGU EQORWVKPI VJG KPXGTUG YJKEJ ECP DG GZRGPUKXG DWV QPEG EQORWVGF VJG KPXGTUG
ECP DG TGCFKN[ WUGF VQ EQORWVG TGEQOOGPFCVKQPU 6JG KVGTCVKXG CRRTQCEJ CNNQYU OQTG HTGSWGPV WR

FCVGU QH VJG VTCPUKVKQP OCVTKZ #PQVJGT FKTGEVKQP KU VQ KORTQXG 494 UECNCDKNKV[ DGECWUG VJG UK\GU
QH UQEKCN PGVYQTM ITCRJU CPF KVGOU CTG EQPUVCPVN[ KPETGCUKPI ;GV CPQVJGT FKTGEVKQP KU VQ UVWF[
JQY QVJGT UQEKCN PGVYQTMKPI KPHQTOCVKQP 
GI VJG PWODGT QH OGUUCIGU UGPV QT TGEGKXGF DGVYGGP
VYQ HTKGPFU WUGT XKGYKPI FCVC WUGT HQNNQYKPI KPHQTOCVKQP QT HTKGPF UWIIGUVKQPU OKIJV KORTQXG
TGEQOOGPFCVKQP CEEWTCE[
1WT RTQRQUGF OGVJQF KU PQV NKOKVGF VQ OWUKE FQOCKP 494DCUGF TGEQOOGPFCVKQP U[UVGOU
JCXG DGGP UJQYP VQ YQTM KP OCP[ FQOCKPU 
=        ? HQT YJKEJ
UQEKCN KPHQTOCVKQP DCUGF EQPFKVKQPCN RTQDCDKNKV[ VTCPUKVKQP OCVTKEGU ECP CNUQ DG KPVTQFWEGF

%JCRVGT 
A BIPARTITE FITNESS MODEL FOR ONLINE MUSIC STREAMING
SERVICES
6JKU EJCRVGT RTQRQUGU CP GXQNWVKQP OQFGN CPF CP CPCN[UKU QH VJG DGJCXKQT QH OWUKE EQPUWOGTU
QP QPNKPG OWUKE UVTGCOKPI UGTXKEGU 9JKNG RTGXKQWU UVWFKGU JCXG QDUGTXGF RQYGTNCY FGITGG FKU
VTKDWVKQPU QH WUCIG KP QPNKPG OWUKE UVTGCOKPI UGTXKEGU VJG WPFGTN[KPI DGJCXKQT QH WUGTU JCU PQV
DGGP YGNN WPFGTUVQQF 7UGTU CPF UQPIU ECP DG FGUETKDGF WUKPI C DKRCTVKVG PGVYQTM YJGTG CP GFIG
GZKUVU DGVYGGP C WUGT PQFG CPF C UQPI PQFG YJGP VJG WUGT JCU NKUVGPGF VJCV UQPI 6JG ITQYVJ OGEJ
CPKUO QH DKRCTVKVG PGVYQTMU JCU DGGP WUGF VQ WPFGTUVCPF VJG GXQNWVKQP QH QPNKPG DKRCTVKVG PGVYQTMU
=? 'ZKUVKPI DKRCTVKVG OQFGNU CTG DCUGF QP C RTGHGTGPVKCN CVVCEJOGPV OGEJCPKUO =? KP YJKEJ
VJG RTQDCDKNKV[ VJCV C WUGT NKUVGPU VQ C UQPI KU RTQRQTVKQPCN VQ KVU EWTTGPV RQRWNCTKV[ 6JKU OGEJC
PKUO FQGU PQV CNNQY HQT VYQ V[RGU QH TGCN YQTNF RJGPQOGPC (KTUV C PGYN[ TGNGCUGF UQPI YKVJ JKIJ
SWCNKV[ UQOGVKOGU SWKEMN[ ICKPU RQRWNCTKV[ 5GEQPF VJG RQRWNCTKV[ QH UQPIU PQTOCNN[ FGETGCUGU CU
VKOG IQGU D[ 6JGTGHQTG VJKU RCRGT RTQRQUGU C PGY OQFGN VJCV KU OQTG UWKVCDNG HQT QPNKPG OWUKE
UGTXKEGU D[ CFFKPI ણUOFTT CPF BHJOH HWPEVKQPU VQ VJG UQPI PQFGU QH VJG DKRCTVKVG PGVYQTM RTQRQUGF
D[ <JCPI GV CN =? 6JGQTGVKECN CPCN[UGU CTG RGTHQTOGF HQT VJG FGITGG FKUVTKDWVKQP QH UQPIU
'ORKTKECN FCVC HTQO CP QPNKPG UVTGCOKPI UGTXKEG -BTUGN CTG WUGF VQ EQPិTO VJG FGITGG FKUVTKDW
VKQP QH VJG QDLGEV PQFGU 5KOWNCVKQP TGUWNVU UJQY KORTQXGOGPVU HTQO C RTGXKQWU OQFGN (KPCNN[
VQ KNNWUVTCVG VJG CRRNKECVKQP QH VJG RTQRQUGF OQFGN C UKORNKិGF TQ[CNV[ EQUV OQFGN HQT QPNKPG OWUKE
UGTXKEGU KU WUGF VQ FGOQPUVTCVG JQY VJG EJCPIGU KP VJG RTQRQUGF RCTCOGVGTU ECP CាGEV VJG EQUVU
HQT QPNKPG OWUKE UVTGCOKPI RTQXKFGTU /CPCIGTKCN KORNKECVKQPU CTG CNUQ FKUEWUUGF
 *OUSPEVDUJPO
1PNKPG OWUKE UVTGCOKPI UGTXKEGU JCXG DGEQOG CP CVVTCEVKXG OGCPU VQ EQPUWOG OWUKE JQYGXGT
FGURKVG VJG NCTIG CPF ITQYKPI PWODGT QH WUGTU RTQXKFGTU CTG UVKNN UVTWIINKPI VQ OCMG C RTQិV 5RQ
VKH[ C OWUKE UVTGCOKPI UGTXKEG HQWPFGF KP 5YGFGP KP  TGRQTVGF C PGV NQUU QH ࿊/ KP
 =? 6Q OCMG GាGEVKXG DWUKPGUU CFLWUVOGPVU RTQXKFGTU PGGF VQ WPFGTUVCPF JQY WUGTU WUG
VJGKT UGTXKEGU 6JG NKUVGPKPI HTGSWGPE[ QH GCEJ UQPI CTG NQPIVCKN CPF VJGTG CTG UQOG UVWFKGU YJKEJ
GZRNCKP VJG NQPIVCKN RJGPQOGPQP *QYGXGT VJG YGKIJVGF DKRCTVKVG ITCRJ YJKEJ RTQRQUGF D[ <JGPI

CPF %JGP YJKEJ KU VJG ENQUGUV TGRTGUGPVCVKXG OQFGN ECPPQV TGRTQFWEG UQOG RTQRGTVKGU QH VJG TGCN
YQTNF
6JGTGHQTG C NCTIG DQF[ QH GORKTKECN TGUGCTEJ JCU GZRNQTGF VJG FKUVTKDWVKQP QH WUCIG FCVC
=  ? CPF HQWPF VJCV VJG WUCIG FKUVTKDWVKQP HQNNQYU C JGCX[VCKNGF FKUVTKDWVKQP 6JG SWCP
VKVCVKXG WPFGTUVCPFKPI QH OWUKE NKUVGPKPI DGJCXKQT JCU DGGP C UWDLGEV QH TGUGCTEJ KPVGTGUVU *W CPF
*CP =? UVWFKGF VJG XKUKVKPI NQI QH C NCTIG %JKPGUG QPNKPG OWUKE UGTXKEG U[UVGO HQT  FC[U CV
VJG GPF QH  6JG TGUWNVU UJQYGF VJCV FKUVTKDWVKQP QH KPVGTGXGPV VKOG DGVYGGP VYQ EQPUGEWVKXG
NKUVGPKPI QH OWUKE UJQYU VJG HCV VCKN HGCVWTG -QEJ CPF 5QVQ =? UVWF[ VJG OWUKE NKUVGPKPI DGJCXKQT
CPF EQPិTOGF VJCV HQT GCEJ NKUVGPGT VJG PWODGT QH UQPIU TGRTQFWEGF RGT CTVKUV HQNNQYU C VTWPECVGF
RQYGTNCY FKUVTKDWVKQP 6JGUG UJQYU VJCV NKUVGPKPI HTGSWGPE[ RGT NKUVGPGT HQNNQYU JGCX[VCKNGF FKU
VTKDWVKQP HQT DQVJ KPFKXKFWCN NKUVGPGTU CPF EQNNGEVKXGN[ 1WT RCRGT CNUQ HQWPF UKOKNCT RCVVGTP HQT
WUGTU QH -BTUGN 5QOG TGUGCTEJ RCRGT XKGY VJG TGNCVKQPUJKR DGVYGGP C WUGT CPF CP QDLGEV CU C DK
RCTVKVG ITCRJ QT C VYQOQFG PGVYQTM +H C WUGT u WUGU QT CEEGUU QDLGEV o VJGTG KU CP GFIG DGVYGGP
u CPF o 5JCPI GV CN =? 9JKNG GORKTKECN TGUGCTEJ CNNQYU WU VQ WPFGTUVCPF VJG EWTTGPV UVCVG
QH VJG WUCIG QH UGTXKEGU KV FQGU PQV CNNQY WU VQ WPFGTUVCPF VJG WPFGTN[KPI GXQNWVKQP QH VJG WUCIG
#EEWTCVG OQFGNU QH JWOCP CEVKXKVKGU CTG ETWEKCN HQT DGVVGT TGUQWTEG CNNQECVKQP CPF RTKEKPI RNCPU
HQT UGTXKEG EQORCPKGU CPF VQ KORTQXG KPXGPVQT[ CPF UGTXKEG CNNQECVKQP KP DQVJ QPNKPG CPF TGVCKN
UVQTGU =? 4GUGCTEJ KPVQ VJG GXQNWVKQP QH EQORNGZ U[UVGOU JGNRU WU WPFGTUVCPF VJG RJGPQOGPC
QDUGTXGF KP TGCNYQTNF EQORNGZ U[UVGOU *QYGXGT VJG GZKUVKPI OQFGNU CTG PQV UWKVCDNG VQ OQFGN
VJG PGVYQTM HQT QPNKPG OWUKE UVTGCOKPI UGTXKEGU 6JGTGHQTG VJKU RCRGT RTQRQUGU C PGY OQFGN VQ
UQNXG VJG RTQDNGO
# UGOKPCN YQTM QP OQFGNU QH JWOCP CEVKXKVKGU D[ $CTCD¢UK CPF #NDGTV =? RTQRQUGF QSFGFS
FOUJBM BUUBDINFOU CU CP GXQNWVKQP OGEJCPKUO HQT C WPKRCTVKVG ITCRJ YJGTG PQFGU CTG ETGCVGF CPF
CVVCEJGF VQ RTGXKQWU PQFGU YKVJ C RTQDCDKNKV[ RTQRQTVKQPCN VQ VJG FGITGG QH VJG RTGXKQWU PQFGU 5WEJ
GXQNWVKQP OGEJCPKUO TGUWNVU KP PGVYQTMU YKVJ RQYGTNCY FKUVTKDWVKQPU CNUQ ECNNGF NQPI VCKNGF FKU
VTKDWVKQPU 2TGHGTGPVKCN CVVCEJOGPV OGEJCPKUO JCU DGGP UJQYP VQ FGUETKDG TGCNYQTNF RJGPQOGPC
UWEJ CU VJG PGVYQTM QH VJG9QTNF9KFG9GD =  ? CPF VJG TGUGCTEJ EKVCVKQP PGVYQTM =? +P
C UWDUGSWGPV UVWF[ VJG $KCPEQPK–$CTCD¢UK OQFGN =? CFFGF ិVPGUU VQ VJG OQFGN QH $CTCD¢UK CPF
#NDGTV =? YJGP VJG ិVPGUU QH C PQFG KU JKIJGT VJG EJCPEGU VJCV KV YKNN DG EQPPGEVGF VQ QVJGT PQFGU
KPETGCUGU GXGP KH VJG PQFG KU ETGCVGF NCVGT .GHQTVKGT GV CN =? CPF 1UVTQWOQXC 2TQMJQTGPMQXC
CPF 5COQUXCV =? CFFGF NKHGVKOG CVVTCEVKXGPGUU VQ VJG $KCPEQPK–$CTCD¢UK OQFGN =? 6JKU OCMGU
VJG EJCPEGU QH DGKPI EQPPGEVGF FGETGCUG CU VKOG RCUUGU *QYGXGT VJG CHQTGOGPVKQPGF OQFGNU

WVKNK\GF WPKRCTVKVG ITCRJU YJKEJ FQ PQV ិV YGNN VQ OWUKE NKUVGPKPI
# DKRCTVKVG ITCRJ KU C PCVWTCN YC[ VQ OQFGN QPNKPG UVTGCOKPI UGTXKEGU YJGTG GCEJ WUGT KU TGRTG
UGPVGF D[ C WUGT PQFG CPF GCEJ UQPI KU TGRTGUGPVGF D[ CP QDLGEV PQFG +H C WUGT u WUGU QT CEEGUUGU
CP QDLGEV o VJGTG KU CP GFIG DGVYGGP u CPF o # YGKIJVGF DKRCTVKVG PGVYQTM DCUGF QP VJG UVTGPIVJ
RTGHGTGPVKCN CVVCEJOGPV QH <JGPI CPF %JGP =? GPCDNGU OQFGNKPI QH VJG WUCIG QH C UECNGHTGG
PGVYQTM YKVJ C DKRCTVKVG ITCRJ *QYGXGT VJG FGITGG FKUVTKDWVKQP HQT VJG WUGT PQFGU KU WPKHQTO
6JG /CPFGNDTQV NCY FKUVTKDWVKQP HQT VJG WUGT PQFGUཐ FGITGG KP WPYGKIJVGF DKRCTVKVG ITCRJ RTQRQUGF
D[ <JCPI GV CN =? UQNXGU VJG RTQDNGO QH KPCRRTQRTKCVG FGITGG FKUVTKDWVKQP QH VJG WUGT PQFGU
<JQW GV CN =? CFF VJG CIKPI RCTCOGVGT RTQRQUGF KP .GHQTVKGT GV CN =? VQ WPYGKIJVGF DKRCTVKVG
ITCRJ OQFGN CPF OCMG RQRWNCTKV[ RTGFKEVKQP OQFGN OQTG CEEWTCVG *QYGXGT VJG[ FKF PQV EQPUKFGT
VJG ិVPGUU VQ OCTMGV QH GCEJ UQPI
6JKU EJCRVGT RTQRQUGU C PGY OQFGN YJKEJ EQODKPGU VJG DKRCTVKVG OQFGNU = ? CPF CFFU
VJG ិVPGUU HTQO VJG WPKRCTVKVG OQFGN =? VQ VJG QDLGEV PQFGU CU YGNN CU VJG TGEGPE[ RTQRGTV[ =?
#HVGT VJG OQFGN KU FGUETKDGF C VJGQTGVKECN CPCN[UKU KU RGTHQTOGF QP VJG FGITGG FKUVTKDWVKQP QH VJG
QDLGEV PQFGU 'ORKTKECN FCVC HTQO -BTUGN CTG EQNNGEVGF CPF VJG FGITGG FKUVTKDWVKQP QH VJG QDLGEVU
KU HQWPF VQ HQNNQY C RQYGTNCY FKUVTKDWVKQP 7UKPI VJGUG GORKTKECN TGUWNVU VJG ិVPGUU FKUVTKDWVKQP
QH VJG QDLGEVU KU CPCN[\GF CPF PGY RCTCOGVGTU CTG RTQRQUGF 6JG PGY RCTCOGVGTU CTG GZCOKPGF
WUKPI C VJGQTGVKECN CPCN[UKU VQ UJQY JQY VJG EJCPIGU KP VJG RCTCOGVGTU YKNN CាGEV VJG UJCRGU QH
FKUVTKDWVKQPU QH VJG QDLGEVU
(KPCNN[ YG RTQRQUG CP GZCORNG WUCIG HQT VJG OQFGN KP OCPCIGTKCN FGEKUKQPU D[ EQPUVTWEVKPI C
UKORNG EQUV OQFGN HQT QPNKPG OWUKE UVTGCOKPI UGTXKEGU CPF CPCN[\KPI VJG GាGEVU QH GCEJ RCTCOGVGT
QP VJG EQUV 9JKNG UQOG UVWFKGU QP QPNKPG OWUKE UVTGCOKPI UGTXKEGU JCXG RTQRQUGF CRRTQCEJGU
HQT UGTXKEGU CPF RTKEKPI UVTCVGIKGU UWEJ CU #FTKCP /CHVGK GV CN =? CPF 2CWN 6JQOGU =? PQPG
JCU CPCN[\GF EQUVU YJKEJ FKTGEVN[ CាGEVU RTQិVU 9G HQEWU QP VJG TQ[CNV[ HGG YJKEJ KU QPG QH VJG
XCTKQWU EQUV KP VJG OWUKE UVTGCOKPI UGTXKEGU
6JGOCKP EQPVTKDWVKQPU QH VJKU EJCRVGT CTG VJTGGHQNF (KTUV C YGKIJVGF DKRCTVKVGOQFGN HQT QPNKPG
OWUKE UVTGCOKPI UGTXKEGU KU RTQRQUGF YKVJ C ិVPGUU HWPEVKQP CPF C TGEGPE[ RTQRGTV[ 6Q VJG DGUV
QH QWT MPQYNGFIG YG CTG VJG ិTUV VQ KPEQTRQTCVG C ិVPGUU HWPEVKQP KPVQ C DKRCTVKVG OQFGN 5GEQPF
VJG FGITGG FKUVTKDWVKQPU CTG VJGQTGVKECNN[ CPCN[\GF 6JKTF GORKTKECN FCVC CTG WUGF VQ FGOQPUVTCVG
VJG WUGHWNPGUU QH VJG OQFGN KP OCMKPI OCPCIGTKCN FGEKUKQPU

 -JNJUBUJPO PG 1SFWJPVT #JQBSUJUF .PEFMT JO &YQMBJOJOH 3FBMXPSME .VTJD -JTUFOJOH #F
IBWJPST
6JG DKRCTVKVG PGVYQTM OQFGN HQT OQFGNKPI VJG EQPVGPV EQPUWORVKQP QH WUGTU RTQRQUGF D[ <JCPI
GV CN =? JCU UGXGTCN DGJCXKQTU VJCV ECPPQV TGីGEV TGCN YQTNF RJGPQOGPQP $GECWUG VJG OQFGN
WUGU VJG RTGHGTGPVKCN CVVCEJOGPV OQFGN RTQRQUGF D[ $CTCD¢UK CPF #NDGTV =? VJG OQFGN YKNN HQNNQY
VJG TKEJIGVTKEJGT RJGPQOGPC 6JG TKEJIGVTKEJGT RJGPQOGPC OCMGU QNFGT PQFGU OQTG NKMGN[ VQ
IGV NKPMGF VQ VJCP PGYGT PQFGU #U KP $CTCD¢UK CPF #NDGTV =? VJG HWPEVKQP QH GZRGEVGF FGITGG QH
PQFG i YJKEJ YCU ETGCVGF CV VKOG ti CV VKOG t YCU UJQYP CU ki(t) = m(
t
ti
)
1
2 YJGTGm KU PWODGT
QH EQPPGEVGF NKPMU HQT PGY PQFG YJKEJ OGCP VJCV VJG GZRGEVGF TCVKQ QH FGITGG DGVYGGP VJG QNFGT
PQFG x ETGCVGF CV VKOG tx CPF PGYGT PQFG y ETGCVGF CV VKOG ty KU (
ty
tx
)1/2 #U ty > tx YG JCXG
(
ty
tx
)1/2 > 1 KG QNFGT PQFGU JCXG JKIJGT FGITGGU VJCP PGYGT QPGU
*QYGXGT TGCNYQTNF OWUKE NKUVGPKPI DGJCXKQTU GUVCDNKUJ C FKាGTGPV RJGPQOGPC 6Q KNNWUVTCVG
VJKU YG WUG VJG 'EJQ 0GUV 6CUVG RTQិNG UWDUGV HTQO VJG /KNNKQP 5QPI &CVCUGV 
/5& =? 6JG
FCVCUGV EQPVCKPU VJG RNC[ EQWPVU QH  WPKSWG/5& UQPIU D[  WPKSWG WUGTU EQNNGEVGF
HTQO  VQ  /QTG URGEKិECNN[ VJG FCVC KU C UGV QH VWRNGU 
usn KP YJKEJ GCEJ VWRNG
KPFKECVGU VJCV C WUGT u NKUVGPGF VQ C UQPI s HQT n VKOGU DGVYGGP  CPF  6Q QDVCKP VJG
TGNGCUGF [GCT QH GCEJ UQPI VJG UQPI FCVC YGTG OCRRGF YKVJ C NKUV QH VJG  UQPIU YKVJ
TGNGCUGF [GCT KPHQTOCVKQP =? HTQO VJG UCOG FCVCUGV 9G ECP OCVEJ  UQPIU TCPIKPI HTQO
UQPIU VJCV YGTG TGNGCUGF KP ཐU VQ  5QPIU VJCV YGTG TGNGCUGF HTQO  VQ  CTG WUGF
JGTG VQ KNNWUVTCVG VJG FKាGTGPEGU DGVYGGP WUCIG QH QNFGT UQPIU CPF PGYGT UQPIU *GTG YG PQVG
VJCV PGYGT UQPIU JCXG HGYGT PWODGT QH [GCTU VJCV CTG CXCKNCDNG VQ DG NKUVGPGF VQ 5QPIU VJCV YGTG
TGNGCUGF KP  JCF UKZ [GCTU VQ DG NKUVGPGF VQ YJKNG UQPIU VJCV YGTG TGNGCUGF KP  JCF QPG
[GCT VQ DG NKUVGPGF VQ
6JKU FCVCUGV UJQYU VJCV PGYGT UQPIU CTG NKUVGPGF VQ OQTG VJCP QNFGT QPGU CU KNNWUVTCVGF D[ VJG
UVCVKUVKEU QH RNC[ EQWPVU UJQYP KP 6CDNG  CPF VJG FKUVTKDWVKQPU UJQYP KP (KIWTG  +P 6CDNG 
VQ GNKOKPCVG VJG GាGEV QH GZVTGOG XCNWGU VJG CXGTCIG UVCPFCTF FGTKXCVKQP VJG OCZKOWO CPF OKP
KOWO QH VJG PCVWTCN NQICTKVJO QH VJG RNC[ EQWPVU CTG UJQYP (KIWTG  UJQYU VJG FKUVTKDWVKQPU QH
RNC[ EQWPVU QH UQPIU KP GCEJ TGNGCUGF [GCT WUKPI C XKQNKP RNQV 'XGP VJQWIJ PGYGT UQPIU JCF HGYGT
PWODGT QH [GCTU VJCV YGTG CXCKNCDNG VQ DG NKUVGPGF VQ VJG RNC[ EQWPVU QH PGYGT UQPIU YGTG JKIJGT
VJCP VJQUG QH QNFGT QPGU 6JGTGHQTG VJKU UGV QH FCVC EQPិTOU VJG FKាGTGPEG HTQO TKEJIGVTKEJGT
6JG 'EJQ 0GUV 6CUVG RTQិNG UWDUGV VJG QឹEKCN WUGT FCVC EQNNGEVKQP HQT VJG /KNNKQP 5QPI &CVCUGV CXCKNCDNG CV
JVVRNCDTQUCGGEQNWODKCGFWOKNNKQPUQPIVCUVGRTQHKNG

RJGPQOGPC KP YJKEJ QNFGT UQPIU UJQWNF DG NKUVGPGF OQTG VJCP PGYGT QPGU 6JGTGHQTG YG RTQRQUG
C PGY OQFGN VQ UQNXG VJKU RTQDNGO D[ CFFKPI ិVPGUU CPF CIKPI HWPEVKQP VQ GCEJ QDLGEV HQNNQYKPI
VJG YQTM QH $KCPEQPK CPF $CTCD¢UK =? .GHQTVKGT GV CN =? CU FGUETKDGF KP 5GEVKQP 
Table 5.1: 0CVWTCN NQICTKVJO QH VJG RNC[ EQWPV HQT GCEJ UQPI KP GCEJ TGNGCUGF [GCT UJQYP VJG FGRCTVWTG
HTQO TKEJIGVTKEJGT RJGPQOGPC VJCV VJG QNFGT UQPIU JCXG JKIJGT RNC[ EQWPVU
5QPIཐU 0WODGT 0CVWTCN NQICTKVJO QH RNC[ EQWPV RGT UQPI
TGNGCUGF [GCT QH UQPIU /GCP /KP /CZ 5V&GX
 2, 024 1.634 0 4.514 0.891
 6, 336 1.648 0 5.285 0.873
 4, 786 1.688 0 4.801 0.900
 3, 711 1.665 0 4.864 0.884
 4, 687 1.743 0 5.295 0.878
 1, 865 1.784 0 5.094 0.898
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in The Million Song Dataset (MSD)
Figure 5.1: # XKQNKP RNQV UJQYU VJG FKUVTKDWVKQP QH RNC[ EQWPVU QH UQPIU ITQWRGF D[ UQPIUཐ TGNGCUGF [GCT
HTQO TGCN FCVC KP VJG /KNNKQP 5QPI &CVCUGV 6JG [CZKU UJQYU VJG RNC[ EQWPVU CPF VJG YKFVJ QH XKQNKP RNQV
UJQYU VJG FGPUKV[ QH UQPIU VJCV JCXG VJG RNC[ EQWPV 6JTGG NKPGU KP GCEJ XKQNKP RNQV UJQY VJTGG SWCTVKNGU QH
VJG FKUVTKDWVKQP 6JG NKPGU IGV JKIJGT KP GCEJ [GCT UJQYKPI VJG PGYGT UQPIU JCXG JKIJGT RNC[ EQWPVU VJCP VJG
QNFGT UQPIU

 .PEFM
6Q CPCN[\G VJG HCEVQTU VJCV CាGEV VJG FGITGG FKUVTKDWVKQP QH VJG EQPVGPV EQPUWORVKQP YG EQPUVTWEVGF
C OQFGN VQ GZRNCKP VJG TGNCVKQPUJKR DGVYGGP WUGTU CPF QDLGEVU WUKPI C YGKIJVGF WPFKTGEVGF DKRCTVKVG
ITCRJ 6JG OQFGN RTQRQUGF KP VJKU UVWF[ KU KPURKTGF D[ HQWT TGNCVGF RCRGTU =   ? 1WT
OQFGN KORTQXGF QP VJG DKRCTVKVG OQFGNU QH <JCPI GV CN =? CPF <JGPI CPF %JGP =? YJKEJ
FKF PQV OQFGN VJG KPVTKPUKE SWCNKV[ QH VJG PQFGU QT VJG QTFGT KP YJKEJ VJG PQFGU QEEWT D[ CFFKPI VJG
ણUOFTT RCTCOGVGT VJCV YCU RTQRQUGF D[ $KCPEQPK CPF $CTCD¢UK =? CPF VJG MJGFUJNF BUUSBDUJWFOFTT
RCTCOGVGT VJCV YCU RTQRQUGF D[ .GHQTVKGT GV CN =? 9KVJ VJG CFFGF RCTCOGVGTU QWT OQFGN ECP
GZRNCKP VJG KPVTKPUKE SWCNKV[ QH UQPIU CPF VJGKT TGFWEGF RQRWNCTKV[ CHVGT VJG[ JCXG DGGP TGNGCUGF HQT
UQOG VKOG 7UGTU CPF UQPIU ECP DG OQFGNGF CU C YGKIJVGF DKRCTVKVG ITCRJ YJGTG VJG UGV QH WUGTU
KU VJG VQR PQFGU VJG UGV QH UQPIU KU VJG DQVVQO PQFGU CPF VJG YGKIJV QH VJG GFIG KU VJG PWODGT QH
VKOGU VJG WUGT NKUVGPGF VQ VJCV UQPI
6JG RTQRQUGF PGVYQTM ECP DG FGUETKDGF CU C YGKIJVGF DKRCTVKVG ITCRJ G = {U,O,E} YJGTG
U CPF O CTG VYQ FKULQKPV UGVU QH PQFGU YJGTG U KU VJG UGV QH WUGTU CPF O KU VJG UGV QH QDLGEVU

GI UQPIU CPF E ⊂ U × O × N KU VJG UGV QH TGNCVKQPUJKRU DGVYGGP C WUGT CPF CP QDLGEV YKVJ
C PCVWTCN PWODGT CU C YGKIJV HQT GCEJ TGNCVKQPUJKR 7UGT ui FGPQVGU C WUGT PQFG VJCV KU ETGCVGF CV
VKOG UVGR i 1DLGEV oj FGPQVGU CP QDLGEV PQFG ETGCVGF CV VKOG UVGR j 7UGT PQFGU CPF QDLGEV PQFGU
JCXG RTQRGTVKGU CPF HWPEVKQPU VJCV CTG FGិPGF CU HQNNQYU
ཙ 5VTGPIVJ su(t, i) QH C WUGT PQFG ui CV VKOG t KU VJG UWO QH VJG YGKIJV QH CNN VJG GFIGU VJCV
EQPPGEVGF VQ PQFG ui CV VKOG t 6JGTGHQTG YG JCXG su(t, i) =
∑
(ui,oj ,wi,j(t))∈E
wi,j(t)
ཙ 5VTGPIVJ so(t, j) QH CP QDLGEV PQFG oj CV VKOG t KU VJG UWO QH VJG YGKIJV QH CNN VJG GFIGU VJCV
EQPPGEVGF VQ PQFG oj CV VKOG t 6JGTGHQTG YG JCXG so(t, j) =
∑
(ui,oj ,wi,j(t))∈E
wi,j(t)
ཙ (KVPGUU fo(j) QH QDLGEV oj KU C TCPFQO XCTKCDNG VJCV KPFKECVGU VJG QDLGEVཐU SWCNKV[
ཙ #IG HWPEVKQP a(t, j) CV VKOG t QH CP QDLGEV PQFG oj KU FGិPGF CU a(t, j) = e
j−t
τ  YJGTG τ KU
VJG OGCP NKHGVKOG QH CNN VJG QDLGEVU
ཙ #VVTCEVKXGPGUU HWPEVKQP CVVT(t, j) CV VKOG t QH CP QDLGEV oj KU FGិPGF CU CVVT(t, j) = so(t, j)fo(j)a(t, to)
6JG OQFGN UVCTVU HTQO CP KPKVKCN UVCVG VJCV G = {U = {u0}, O = {o0}, E = {(u0, o0, 1)}}
1P GCEJ VKOG UVGR t FQ VJG HQNNQYKPI KPFGRGPFGPVN[

ཙ #FF C PGY WUGT ut CPF EQPPGEV VQ m GZKUVKPI QDLGEV PQFGU oj ∈ O CEEQTFKPI VQ VJG CVVTCE
VKXGPGUU RTQDCDKNKV[ CVVT(t, j)∑
k<t CVVT(t, k)
YKVJ YGKIJV  
ཙ #FF C PGY QDLGEV ot YKVJ CVVTCEVKXGPGUU FGិPGF CDQXG CPF EQPPGEV VQ n GZKUVKPI WUGT PQFGU
ui ∈ U WUKPI VJG RTGHGTGPVKCN RTQDCDKNKV[ su(t, i)∑
k<t su(t, k)
CPF YGKIJV  
ཙ 'XQNXG GFIGU YKVJ RTGHGTGPVKCN CVVCEJOGPV +H CP GFIG DGVYGGP VYQ PQFGU GZKUVU KPETGCUG
VJG YGKIJV QH VJG GFIG D[ QPG QVJGTYKUG CFF C PGY GFIG YKVJ YGKIJV  
– Randomly 4CPFQON[ UGNGEV c WUGTU ui ∈ U D[ CP GSWCN RTQDCDKNKV[ QH 1
t
 CPF EQPPGEV
VQ c QDLGEVU oj ∈ O UGNGEVGF D[ CP CVVTCEVKXGPGUU RTQDCDKNKV[ QH CVVT(t, j)∑
k<t CVVT(t, k)

– Attractiveness 4CPFQON[ UGNGEV b WUGTUui ∈ U D[ RTGHGTGPVKCN RTQDCDKNKV[ su(t, i)∑
k<t su(t, k)
CPF EQPPGEV VQ b QDLGEVU oj ∈ O CEEQTFKPI VQ VJGKT CVVTCEVKXGPGUU RTQDCDKNKV[ CVVT(t, j)∑
k<t CVVT(t, k)

 &NQJSJDBM "OBMZTJT
6JKU UGEVKQP UVWFKGU VJG EWTTGPV WUCIG FKUVTKDWVKQP QH CP QPNKPG UVTGCOKPI UGTXKEG CPF UJQYU VJCV
RNC[ EQWPV FKUVTKDWVKQP 
QDLGEVཐU UVTGPIVJ FKUVTKDWVKQP HQNNQYU C RQYGTNCY FKUVTKDWVKQP
 %FTDSJQUJPO PG UIF -BTUGN %BUB
-BTUGN KU CP QPNKPG OWUKE UVTGCOKPI UGTXKEG YJKEJ CNNQYU FGXGNQRGTU VQ QDVCKP OWUKE WUCIG FCVC
HTQO VJGKT UGTXKEG XKC C RTQITCOOCDNG #2+ 9G QDVCKPGF WUCIG FCVC QH  WUGTU HQT VJTGG
QPGOQPVJ RGTKQFU #WIWUV  ,WPG  CPF &GEGODGT  6JG FCVC URGEKH[ YJKEJ UQPIU
GCEJ WUGT NKUVGPGF VQ 1WV QH CNN WUGTU  WUGTU JCF NKUVGPGF VQ CV NGCUV QPG UQPI KP VJG RGTKQFU
QH FCVC EQNNGEVKQP 6JG PWODGT QH UQPIU VJCV YGTG NKUVGPGF VQ YCU 
 0CKFDU 4USFOHUI %JTUSJCVUJPO
6JKU UGEVKQP KPXGUVKICVGU .CUVHOཐU QDLGEV UVTGPIVJ FKUVTKDWVKQP 6JG UVTGPIVJ QH CP QDLGEV HQT
.CUVHO KU VJG UWO QH RNC[ EQWPV QH C UQPI 
KG QDLGEV D[ CNN WUGTU KP VJG FCVC UGV 6JGTGHQTG
QDLGEV UVTGPIVJ KPFKECVGU VJG RQRWNCTKV[ QH VJG UQPI 6Q KPXGUVKICVG YJKEJ FKUVTKDWVKQP OCVEJGU VJG
FCVC UGV YG WUG C XKUWCN EQORCTKUQP CPF C UVCVKUVKECN OGVJQF RTQRQUGF D[ %NCWUGV GV CN =?

(QT XKUWCN EQORCTKUQP UGXGTCN FKUVTKDWVKQPU YGTG VGUVGF CU UJQYP KP (KIWTG  ECNEWNCVGF
D[ OCZKOWO NKMGNKJQQF GUVKOCVKQP 
ONG WUKPI 4 =? RCEMCIG ཏិVFKUVTRNWUཐ =? YJGTG VJG FKU
VTKDWVKQP QH VJG FCVC UGGOU VQ ិV VQ RQYGTNCY FKUVTKDWVKQP 6JKU KU EQPUKUVGPV YKVJ VJG TGUWNVU QH
5JCPI GV CN =? YJGTG VJG FKUVTKDWVKQP QH VJG FGITGG KU PQV WPKHQTO DWV HQNNQYU C RQYGTNCY
FKUVTKDWVKQP
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Figure 5.2: %QORCTKUQP DGVYGGP VJG GORKTKECN FCVC CPF VJGQTGVKECN FCVC UJQYP WUKPI FGPUKV[ QP C NQINQI
UECNG 'ORKTKECN FCVC KU VJG PWODGT QH VKOGU GCEJ UQPI KU NKUVGPGF VQ D[ WUGTU QH .CUVHO 
RNC[ EQWPV RGT
UQPI UJQYP WUKPI VJG DNCEM FQV YJGTG Z CZKU UJQY VJG NKUVGPKPI EQWPV CPF [ CZKU UJQY VJG FGPUKV[ QH UQPIU
VJCV JCXG UWEJ NKUVGPKPI EQWPV 6JGQTGVKECN FCVC CTG FKាGTGPV FKUVTKDWVKQPU ិVVGF YKVJ VJG FCVC UJQYP WUKPI
EQNQTGF NKPGU CU NKUVGF KP VJG NGIGPF
6JG FKUVTKDWVKQPUཐ RCTCOGVGTU GUVKOCVKQPU YGTG EQORCTGF D[ XKUWCNK\GF OGVJQF CU UJQYP KP
ITCRJ QP (KIWTG  CPF D[ WUKPI VJG KPHQTOCVKQP ETKVGTKQP DQVJ#MCKMGཐU +PHQTOCVKQP%TKVGTKQP
#+%
CPF $C[GUKCP +PHQTOCVKQP %TKVGTKQP
$+% CU UJQYP KP VCDNG  QTFGTGF D[ KPHQTOCVKQP ETKVGTKQP
XCNWG KP CUEGPFKPI 6JG #+% CPF $+% QH 2CTGVQ FKUVTKDWVKQP KU NGUU VJCP VJG QVJGT FKUVTKDWVKQPU
YJKEJ OGCP VJCV VJG TGCN FCVC KU ENQUGT VQ 2CTGVQ FKUVTKDWVKQP YJGP EQORCTKPI YKVJ VJG QVJGT FKU

VTKDWVKQPU
Table 5.2: %QORCTG VJG IQQFPGUU QH ិV QH VJG NKUVGPKPI FCVC HTQO NCUVHO D[ VJG KPHQTOCVKQP ETKVGTKQP
&KUVTKDWVKQPU #MCKMGཐU +PHQTOCVKQP %TKVGTKQP $C[GUKCP +PHQTOCVKQP %TKVGTKQP
Pareto 25,175,313 25,175,341
.QI.QIKUVKE  
.QI0QTOCN  
9GKDWNN  
)COOC  
.QIKUVKE  
'ZRQPGPVKCN ∞ ∞
*QYGXGT VJG ITCRJ KP (KIWTG  CPF +PHQTOCVKQP %TKVGTKQP KP VCDNG  FQ PQV CNNQY WU VQ
EQPENWFG VJCV VJG FKUVTKDWVKQP KU C RQYGT NCY 6JGTGHQTG YG WVKNK\G VJG OGVJQF RTQRQUGF D[ %NCWUGV
GV CN =? VQOQTG TKIQTQWUN[ EQPិTO VJCV VJG FKUVTKDWVKQP KU C RQYGT NCY 6JG RQYGT NCY FKUVTKDWVKQP
JCU C UJCRG RCTCOGVGT α CPF C UECNG RCTCOGVGT xm CPF ECP DG YTKVVGP CU
fso(t,j)(x;xO,α) =
⎧⎪⎨⎪⎩
αxαO
xα+1
x ≥ xO,
0 x < xO.


YJGTG so(t, j) KU TCPFQO XCTKCDNG QH UVTGPIVJ QH QDLGEV j CV VKOG t
6JG OGVJQF RTQRQUGF D[ %NCWUGV GV CN =? KU C VJTGGUVGR RTQEGUU VQ FGVGTOKPG YJGVJGT C UGV
QH FCVC KU C RQYGT NCY 6JG ិTUV UVGR KU VQ GUVKOCVG α CPF xm VQ DG WUGF KP VJG UGEQPF CPF VJKTF
UVGRU 6JG UGEQPF UVGR ECNEWNCVGU VJG IQQFPGUUQHិV DGVYGGP VJG FCVC CPF VJG RQYGT NCY VQ VGUV
J[RQVJGUKU CPF KH VJG TGUWNVKPI RXCNWG KU ITGCVGT VJCP  VJG RQYGT NCY KU C RNCWUKDNG J[RQVJGUKU
HQT VJG FCVC 6JG VJKTF UVGR EQORCTGU VJG RQYGT NCY YKVJ CP CNVGTPCVKXG FKUVTKDWVKQP XKC C NKMGNKJQQF
TCVKQ VGUV +H VJG ECNEWNCVGF NKMGNKJQQF TCVKQ KU UKIPKិECPVN[ FKាGTGPV HTQO \GTQ VJGP KVU UKIP KPFKECVGU
YJGVJGT VJG CNVGTPCVKXG KU HCXQTGF QXGT VJG RQYGTNCY OQFGN QT PQV
(QT VJG UGEQPF UVGR %NCWUGV GV CN =? UWIIGUVGF VJCV VJG PWNN J[RQVJGUKU ࣜUIF EBUB JT HFOFSBUFE
CZ B QPXFSMBX EJTUSJCVUJPOࣝ ECP DG VGUVGF WUKPI C IQQFPGUUQHិV 
)Q( YJKEJ IGPGTCVGU C R
XCNWG VJCV ECP DG WUGF VQ SWCPVKH[ VJG RNCWUKDKNKV[ QH VJG J[RQVJGUKU 6JG PWNN J[RQVJGUKU YKNN DG
TGLGEVGF YJGP VJG RXCNWG KU NGUU VJCP  6Q ECNEWNCVG IQQFPGUUQHិV VGUV %NCWUGV GV CN =?
GUVKOCVGF RCTCOGVGTU CPF ECNEWNCVGF VJG FKាGTGPEG DGVYGGP VJG TGCN FCVC CPF VJG GUVKOCVGF OQFGN

YKVJ -QNOQIQTQX5OKTPQX 
-5 UVCVKUVKE VJGP IGPGTCVGF UQOG FCVCUGVU HTQO VJG GUVKOCVGF OQFGN
CPF ECNEWNCVGF -5 UVCVKUVKE KP VJG UCOG YC[ CU TGCN FCVC 6JG RXCNWG KU ECNEWNCVGF HTQO RTQRQTVKQP
QH VJG FCVCUGV VJCV JCXG NCTIGT FKUVCPEG HTQO VJG OQFGN VJCP VJG TGCN FCVC %NCWUGV GV CN =?
TGEQOOGPFGF VQ WUG  FCVCUGVU VQ IGV TGNKCDKNKV[ QH RXCNWG CV  CPF TGEQOOGPFGF VJG
FGHCWNV XCNWG QH PWODGT FCVCUGVU CU  FCVCUGVU JQYGXGT VJG RTQEGUU VCMGU C NQPI VKOG HQT
VJG NCTIG PWODGT QH FCVC KP QWT FCVCUGV 
WUKPI 4 =? RCEMCIG ཏRQYG4NCYཐ =? QP C RGTUQPCN
EQORWVGT YKVJ  )*\ +PVGN %QTG K %27 CPF  )$  /*\ &&4 4#/ YG FTQRRGF VJG
PWODGT QH FCVCUGVU VQ  FCVCUGVU DWV VJKU UVKNN JCXG TGNKCDKNKV[ QH RXCNWG CV  YJKEJ ECP DG
WUGF VQ TGLGEV VJG PWNN J[RQVJGUKU 9G IGV VJG )Q( HTQO -5 UVCVKUVKE CU  CPF RXCNWG  
YJKEJ KPFKECVGU VJCV VJG FCVC OC[ DG IGPGTCVGF D[ C RQYGTNCY FKUVTKDWVKQP
(QT VJG VJKTF UVGR %NCWUGV GV CN =? UWIIGUVGF VQ EQORCTG VJG FKUVCPEG YKVJ QVJGT TGNCVGF
FKUVTKDWVKQPU VQ EQPិTO KH VJG QVJGT FKUVTKDWVKQP KU ENQUGT VQ TGCN FCVC QT PQV D[ UGVVKPI VJG PWNN
J[RQVJGUKU CU ࣜCPUI EJTUSJCVUJPOT BSF FRVBMMZ GBS GSPN UIF USVF EJTUSJCVUJPOࣝ CPF VGUVKPI YKVJ VJG UCOG
RTQEGUU CU RTGXKQWU UVGR 6Q EQPិTO VJG NQPIVCKN RTQRGTV[ QH VJG FCVC VJG GZRQPGPVKCN FKUVTKDWVKQP
YCU EQORCTGF D[ WUKPI VJG VJKTF UVGR KP VJG OGVJQF 6JG NQI NKMGNKJQQF TCVKQU   CPF R
XCNWG  1.181×10−25 YJKEJ OGCPU VJCV 2CTGVQ FKUVTKDWVKQP KU ENQUGT VJCP GZRQPGPVKCN FKUVTKDWVKQP
CPF VJKU UJQY VJG NQPIVCKN RTQRGTV[ QH VJG FCVC (TQO EQORCTKPI YKVJ NQI PQTOCN FKUVTKDWVKQP
YJKEJ UQOGVKOG DG EQPHWUGF YKVJ VJG RQYGTNCY FKUVTKDWVKQP YG IGV NQI NKMGNKJQQF TCVKQU  
CPF RXCNWG   6JGUG OCFG WU ECPPQV TGLGEV PWNN J[RQVJGUKU KG VJG NQI PQTOCN FKUVTKDWVKQP
KU PQV ENQUGT VQ VJG TGCN FCVC VJCP RQYGTNCY FKUVTKDWVKQP
6JGTGHQTG VJG QDLGEV UVTGPIVJ QH QWT .CUVHO FCVC HQNNQY C RQYGTNCY FKUVTKDWVKQP 6JKU TG
UWNV CNKIPU YKVJ VJG RTGXKQWU UVWFKGU D[ .GHQTVKGT GV CN =? CPF 1UVTQWOQXC 2TQMJQTGPMQXC CPF
5COQUXCV =? VJCV UJQYGF VJG RQYGTNCY FKUVTKDWVKQP QH VJG UQPIཐU RNC[ EQWPVU
 5IFPSFUJDBM "OBMZTJT
6JKU UGEVKQP CPCN[\GU VJG FGITGG FKUVTKDWVKQP QH VJG QDLGEV PQFGU 6JG WUGT PQFGU KP QWT OQFGN
CTG GZCEVN[ CU RTQRQUGF CPF CPCN[\GF D[ <JCPI GV CN =? YJQ HQWPF VJG FKUVTKDWVKQP QH VJG
WUGT UVTGPIVJ VQ HQNNQY C UJKHVGF RQYGTNCY FKUVTKDWVKQP (QT VJG UVTGPIVJ FKUVTKDWVKQP QH VJG QDLGEV
PQFGU VJG OGVJQF FGUETKDGF KP =? CPF =? KU CRRNKGF VQ CPCN[\G VJG GាGEVU QH VJG ិVPGUU CPF
CIKPI HWPEVKQPU 6JG RTQQH HQNNQYU VJG OGVJQF KP .GHQTVKGT GV CN =?

+P VJG OGCPិGNF CRRTQZKOCVKQP VJG F[PCOKEU QH VJG CVVTCEVKXGPGUU HQT CP QDLGEV oj KU
∂so(t, j)
∂t
= (m+ b+ c)
CVVT(t, j)∑
k<t CVVT(t, k)


#V VKOG t VJGTG CTG t+ 1 QDLGEVU CPF t+ 1 WUGTU YKVJ VJG UWO QH VJG YGKIJV QH VJG WUGTU GSWCN VQ
VJG UWO QH VJG YGKIJV QH VJG QDLGEVU YJKEJ KU (m+ n+ b+ c)t+ 1
.GVN = (m+ b+ c) CPFW (t) DG VJG GZRGEVGF XCNWG QH UWO QH CVVTCEVKXGPGUU CV VKOG t VJGP
W (t) = E[
∑
k<t
CVVT(t, k)] = E[
∑
k<t
so(t, k)fo(k)a(t, k)] 

6JGP YG JCXG VJG HQNNQYKPI FKាGTGPVKCN GSWCVKQP
∂so(t, j)
∂t
= N
CVVT(t, j)
W (t)
= N
so(t, j)fo(j)e
j−t
τ
W (t)


W (t) VGPFU VQ UQOG RQUKVKXG EQPUVCPV 
UGG # HQT C RTQQH VJCVW : NKO
t→∞W (t) = W  6JGTG
HQTG YKVJ VJG KPKVKCN EQPFKVKQP so(t, j) = n CV t = j YG JCXG VJG HQNNQYKPI UQNWVKQP QH 'S 

so(t, j) = ne
τN
W fo(j)(1−e
j−t
τ ) 

6JKU IKXGU NKO
t→∞ so(t, j) = ne
τN
W fo(j)
$GECWUG ne τNW fo(j) ECP DG EQPUKFGTGF VQ DG C QPGVQQPG HWPEVKQP VQ VTCPUHQTO C TCPFQO
XCTKCDNG QH ិVPGUU fo(j) VQ C TCPFQO XCTKCDNG QH QDLGEV UVTGPIVJ VJG EWOWNCVKXG FKUVTKDWVKQP QH
ne
τN
W fo(j) ECP DG EQORWVGF CU
Fso(t,j)(y) = P{so(t, j) ≤ y} = P{ne
τN
W fo(j) ≤ y} = P{fo(j) ≤ W NP(
y
n)
τN
} = Ffo(j)(
W NP( yn)
τN
)


0GZV VJG EJCKP TWNG KU WUGF VQ EQORWVG VJG FGPUKV[ QH so(t, j) UWEJ VJCV
fso(t,j)(y) = F
′
so(t,j)(y) =
W
τN |y|ffo(
W NP( yn)
τN
) 

$GECWUG NKO
t→∞ so(t, j) = ne
τNfo(j)
W  YG QDVCKP VJG TGNCVKQPUJKR DGVYGGP VJG ិVPGUU FKUVTKDWVKQP
QH QDLGEVU VQ VJG UVTGPIVJ FKUVTKDWVKQP QH QDLGEVU UJQYP KP 6CDNG 
 "OBMZTJT PG UIF 'JUOFTT %JTUSJCVUJPO BOE 1BSBNFUFST
6JG TGUWNVU HTQO ិVVKPI VJG RNC[ EQWPVU QH VJG UQPIU YKVJ C RQYGT NCY KP UWDUGEVKQP  CNNQY WU
VQ WUG CP GZRQPGPVKCN FKUVTKDWVKQP HQT VJG ិVPGUU FKUVTKDWVKQP QH VJG QDLGEVU 6JG RTQDCDKNKV[ FGPUKV[
HWPEVKQP
2&( QH VJG GZRQPGPVKCN FKUVTKDWVKQP ECP DG YTKVVGP CU
ffo(j)(x;λ) = λe
−λx 


Table 5.3: 4GNCVKQPUJKR DGVYGGP VJG ិVPGUU FKUVTKDWVKQP QH QDLGEVU CPF VJG UVTGPIVJ FKUVTKDWVKQPU QH QDLGEVU
1DLGEVཐU (KVPGUU &KUVTKDWVKQP 
fo(j) 1DLGEVཐU 5VTGPIVJ &KUVTKDWVKQP 
so(t, j)
'ZRQPGPVKCN FKUVTKDWVKQP 2QYGTNCY FKUVTKDWVKQP
0QTOCN FKUVTKDWVKQP .QI PQTOCN FKUVTKDWVKQP
'ZRQPGPVKCN ICOOC FKUVTKDWVKQP )COOC FKUVTKDWVKQP
YJGTG fo(j) KU TCPFQO XCTKCDNG QH ិVPGUU QH QDLGEV j
6JG ិVPGUU QH CP QDLGEV KU VJG RTQDCDKNKV[ VJCV VJG QDLGEV KU CVVTCEVKXG *QYGXGT DGECWUG KV KU
C RTQDCDKNKV[ UQOG QDLGEVU VJCV CTG CEEGUUGF OQTG D[ WUGTU OC[ JCXG C NQYGT ិVPGUU VJCP UQOG
QDLGEVU VJCV CTG CEEGUUGF NGUU
6JG UVTGPIVJ FKUVTKDWVKQP QH QDLGEV PQFGU ECP DG TGYTKVVGP CU HQNNQYU 6JG UVTGPIVJ FKUVTKDWVKQP
QH VJG QDLGEV PQFG KU fso(i)(y) =
W
Nτ |y|ffo(
W NP( yn)
Nτ
) CPF VJG ិVPGUU FKUVTKDWVKQP QH VJG QDLGEVU
HQNNQYU GZRQPGPVKCN FKUVTKDWVKQP fo(x) = f(x;λ) = λe−λx 6JGTGHQTG VJG FKUVTKDWVKQP QH VJG
UVTGPIVJ QH VJG QDLGEV PQFGU ECP DG YTKVVGP CU
fso(i)(y) =
W
Nτ |y|ffo(
W NP( yn)
Nτ
) 

=
W
Nτ |y|λe
−λ(W NP(
y
n )
Nτ ) 

=
λW
nNτ
(
y
n
)−(
λW
Nτ +1) 

=
λW
Nτ n
λW
Nτ
y(
λW
Nτ +1)


6JKU EQTTGURQPFU VQ C RQYGTNCY FKUVTKDWVKQP YKVJ C UECNG RCTCOGVGT n CPF C UJCRG RCTCOG
VGT λW
Nτ
 YJKEJ KU GSWCN VQ λW
(m+ b+ c)τ
 *QYGXGT DGECWUG VJG GZRGEVGF XCNWG QH GZRQPGPVKCN
FKUVTKDWVKQP YKVJ C TCVG RCTCOGVGT λ KU λ−1 λW YKNN PQV DG CាGEVGF D[ C EJCPIG KP λ
(TQO VJG GORKTKECN FCVC VJG UQPIཐU RNC[ EQWPV FKUVTKDWVKQP HQNNQYU VJG RQYGTNCY FKUVTKDWVKQP
VJGTGHQTG VJG ិVPGUU TCPFQO XCTKCDNG UJQWNF HQNNQYU VJG GZRQPGPVKCN FKUVTKDWVKQP f(x;λ) = λe−λx
6JG TGUWNVKPI ិVPGUU FKUVTKDWVKQPU QH QDLGEVU CPF VJG QVJGT RTQRQUGF OQFGN FGVCKNU ETGCVG ិXG RC
TCOGVGTU HQT VJG OQFGN 6JGUG RCTCOGVGTU ECP DG ECVGIQTK\GF KPVQ VYQ ITQWRU GZQIGPQWU XCTKCDNGU
CPF GPFQIGPQWU XCTKCDNGU 6YQ XCTKCDNGU VJG ិVPGUU FKUVTKDWVKQPཐU RCTCOGVGT λ CPF VJG WUCIG TCVG
QH PGY WUGTm CTG GPFQIGPQWU XCTKCDNGU 6JGTG CTG VJTGG GZQIGPQWU XCTKCDNGU VJG OGCP NKHG VKOG
QH QDLGEVU τ  VJG QDLGEV WUCIG TCVG HQT GCEJ QDLGEV ETGCVGF KP GCEJ KPVGTXCN n CPF VJG PWODGT QH

KPVGTCEVKQPU DGVYGGP VJG RTGXKQWUN[ ETGCVGF WUGTU CPF VJG RTGXKQWUN[ ETGCVGF QDLGEVU KP GCEJ KPVGT
XCN (b + c) 6JGUG VJTGG XCTKCDNGU ECP DG CFLWUVGF WUKPI VJG EQPVGPV FKUEQXGT[ HWPEVKQPU QH VJG
U[UVGO UWEJ CU VJG TGEQOOGPFCVKQP U[UVGOU CPF VJG TCPMKPI U[UVGOU 6JG XCNWGU QH n CPF (b+ c)
ECP DG KPីWGPEGF D[ VJG CRRTQRTKCVG TGEQOOGPFCVKQP U[UVGOU +H VJG TGEQOOGPFCVKQP U[UVGO
TGEQOOGPFU TGEGPVN[ ETGCVGF EQPVGPV VJG WUCIG TCVGU QH VJG PGY EQPVGPV n YKNN KPETGCUG YJKNG
VJG WUCIG TCVGU QH RTGXKQWUN[ ETGCVGF EQPVGPV (b+ c) YKNN FGETGCUG 9JGP n KPETGCUGU CPF (b+ c)
FGETGCUGU VJG OGCP NKHGVKOG QH QDLGEVU τ KP VJG U[UVGO YKNN CNUQ FGETGCUG
 $PNQBSJTPO XJUI B 1SFWJPVT .PEFM
6JG RTQRQUGF OQFGN YCU EQORCTGF VQ VJG OQFGN RTQRQUGF D[ <JCPI GV CN =? VQ UJQY VJG
KORTQXGOGPV KP WUKPI VJGOQFGN VQ FGUETKDG VJG TGCNYQTNFOWUKE NKUVGPKPI DGJCXKQTU #UOGPVKQPGF
KP 5GEVKQP  YG WUG VJG /KNNKQP 5QPI &CVCUGV RTQXKFGF D[ 6JG 'EJQ 0GUV VQ GZCOKPG VJG TGCN
YQTNF WUCIG FKUVTKDWVKQP
6JG 5KOWNCVKQPYCU WUGF VQ ETGCVG C WUGTQDLGEV PGVYQTM D[ UGVVKPI RCTCOGVGTU VQm = n = 100
CPF b = c = 50 HQT DQVJ OQFGNU CPF τ = λ = 1000 KP VJG RTQRQUGF OQFGN TWP YKVJ C VQVCN QH
 VKOG UVGRU 6JGP YG EQORCTGF VJG DGJCXKQTU QH VJG VYQ OQFGNU
$QVJ OQFGNU UJQY C RQYGTNCY QDLGEV UVTGPIVJ FKUVTKDWVKQP YJKEJ KU UJQYP CU C UVTCKIJV NKPG
YJGP RNQVVKPI VJG TGNCVKQPUJKR DGVYGGP VJG TCPM CPF RNC[ EQWPV CU KP (KIWTG 
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Figure 5.3: 4GNCVKQPUJKR DGVYGGP VJG TCPM QH VJG QDLGEV CPF VJG UVTGPIVJ QH VJG QDLGEV KP VJG RTQRQUGF
CPF RTGXKQWU OQFGNU 6JG RCTCOGVGT UGVVKPIU CTG m = n = 100 CPF b = c = 50 HQT DQVJ OQFGNU CPF
τ = λ = 1000 KP VJG RTQRQUGF OQFGN CPF TWP YKVJ C VQVCN QH  VKOG UVGRU 6JG ZCZKU UJQYU VJG TCPM
QH VJG QDLGEV PQFG CPF VJG [CZKU UJQYU VJG UVTGPIVJ QH VJG QDLGEV PQFG 6JG ITCRJ UJQYU UVTCKIJV NKPG VJCV
KU QPG RTQRGTV[ QH RQYGTNCY FKUVTKDWVKQP

6JG FGPUKV[ QH QDLGEV UVTGPIVJ QT RNC[EQWPV KP TGCN YQTNF UJQY UVTCKIJV NKPG KP NQINQI UECNG
YJKEJ JCXG C UKOKNCT UJCRG VQ VJG TGCN FCVC CU UJQYP KP (KIWTG  HQT UKOWNCVKQP HTQO DQVJ OQFGNU
YJKEJ DQVJ OQFGNU TGUWNV KP JKIJN[ UKOKNCT FGPUKV[ EQORCTGF VQ (KIWTG  CPF (KIWTG  YJKEJ
RNQVU VJG TGCN FCVC HTQO NCUVHO CPF /5&
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Figure 5.4: &GPUKV[ QH VJG QDLGEV PQFGU KP VJG RTQRQUGF CPF RTGXKQWU OQFGN KP NQINQI UECNG 6JG RCTCOGVGT
UGVVKPIU CTGm = n = 100 CPF b = c = 50 HQT DQVJ OQFGNU CPF τ = λ = 1000 KP VJG RTQRQUGF OQFGN CPF
TWP YKVJ C VQVCN QH  VKOG UVGRU 6JG ZCZKU UJQYU VJG UVTGPIVJ QH QDLGEV PQFGU CPF VJG [CZKU UJQYU
VJG FGPUKV[ QH VJG QDLGEV PQFGU YJKEJ JCXG VJCV UVTGPIVJ
6Q GZCOKPG VJG TKEJIGVTKEJGT RJGPQOGPC YJGTG PQFGU VJCV CTG ETGCVGF DGHQTG YKNN JCXG JKIJGT
FGITGGU VJCP PQFGU VJCV CTG ETGCVGF NCVGT YG OCFG C UECVVGT RNQV DGVYGGP VJG ETGCVGF VKOG QH GCEJ
QDLGEV CPF VJG UVTGPIVJ QH VJCV PQFG 6JG RTGXKQWU OQFGN UJQYU VJCV GCTNKGT ETGCVGF QDLGEVU JCXG
JKIJGT UVTGPIVJ VJCP NCVGT ETGCVGF QDLGEVU CU UJQYP KP VJG (KIWTG  JQYGXGT VJKU FKF PQV QEEWT
KP QWT RTQRQUGF OQFGN CU UJQYP KP (KIWTG 
6JG XKQNKP RNQV YCU ETGCVGF VQ EQORCTG VJG UKOWNCVKQP TGUWNVU YKVJ VJG TGCN FCVC 6JG QDLGEVU
YGTG UGRCTCVGF KPVQ ិXG ITQWRU CEEQTFKPI VQ VJGKT ETGCVGF VKOG CU UJQYP KP 6CDNG  CPF VJG
TGUWNVU CTG UJQYP KP (KIWTG  HQT VJG RTGXKQWU OQFGN CPF (KIWTG  HQT VJG RTQRQUGF OQFGN
6JG TGUWNV QH VJG QNF OQFGN UKOWNCVKQP KP (KIWTG  UJQYU VJG TKEJIGVTKEJGT RJGPQOGPC CU
QDLGEVU KP VJG ិTUV ITQWR JCXG TGNCVKXGN[ OQTG UVTGPIVJ VJCP VJQUG KP VJG UGEQPF CPF VJKTF ITQWRU
CPF UQ QP *QYGXGT VJG RTQRQUGF OQFGNཐU TGUWNV KP (KIWTG  JCU C UKOKNCT UVTGPIVJ FKUVTKDWVKQP
KP CNN ITQWRU YJKEJ ENQUGT VQ VJG TGCN FCVC UJQYP KP (KIWTG 

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Figure 5.5: &GPUKV[ QH RNC[EQWPV QH VJG UQPIU KP VJG TGCN FCVC HTQO /5& KP NQINQI UECNG 6JG ZCZKU UJQYU
VJG RNC[ EQWPVU QH UQPIU CPF VJG [CZKU UJQYU VJG FGPUKV[ QH VJG UQPIU VJCV IQV VJG RNC[EQWPV
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Figure 5.6: 4GNCVKQPUJKR DGVYGGP VJG ETGCVGF VKOG CPF VJG UVTGPIVJ QH VJG QDLGEVU KP VJG RTGXKQWU OQFGN
6JG ZCZKU UJQYU VJG ETGCVGF VKOG QH GCEJ PQFG CPF VJG [CZKU UJQYU VJG UVTGPIVJ QH VJG PQFG 6JKU UJQYU
VJG TKEJIGVTKEJGT RJGPQOGPQP VJCV VJG QNFGT PQFGU JCXG OQTG EJCPEG VQ IGV NKPM VJCP VJG PGYGT PQFGU

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Figure 5.7: 4GNCVKQPUJKR DGVYGGP VJG ETGCVGF VKOG CPF VJG UVTGPIVJ QH VJG QDLGEVU KP VJG RTQRQUGF OQFGN
6JG ZCZKU UJQYU VJG ETGCVGF VKOG QH GCEJ PQFG CPF VJG [CZKU UJQYU VJG UVTGPIVJ QH VJG PQFG 6JG TKEJIGV
TKEJGT RJGPQOGPQP ECPPQV DG HQWPF KP VJG TGUWNV
Table 5.4: 4GNCVKQPUJKR DGVYGGP VJG ETGCVGF VKOG CPF VJG ITQWR QH QDLGEVU
)TQWR $SFBUFE UJNF
HTQO VQ
  
  
  
  
  

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Figure 5.8: # XKQNKP RNQV UJQYU VJG FKUVTKDWVKQP QH UVTGPIVJ QH VJG QDLGEV PQFGU ITQWRGF D[ ETGCVGF VKOG
HTQO RTGXKQWU OQFGNཐU UKOWNCVKQP 6JG [CZKU UJQYU UVTGPIVJ QH VJG QDLGEV PQFG CPF VJG YKFVJ QH XKQNKP RNQV
UJQYU VJG FGPUKV[ QH QDLGEV PQFGU VJCV JCXG VJG UVTGPIVJ 6JTGG NKPGU KP GCEJ XKQNKP RNQV UJQY VJTGG SWCTVKNGU
QH VJG FKUVTKDWVKQP 6JG NKPGU KP VJG ិTUV ITQWR JCXG TGNCVKXGN[ JKIJGT XCNWG VJCP VJQUG KP VJG UGEQPF CPF VJKTF
ITQWRU CPF UQ QP
1e+03
1e+05
1 2 3 4 5
Group of object node separated by created time
St
re
ng
th
 o
f o
bje
ct 
no
de
Distribution of the strength of object node from proposed model
Figure 5.9: # XKQNKP RNQV UJQYU VJG FKUVTKDWVKQP QH UVTGPIVJ QH VJG QDLGEV PQFGU ITQWRGF D[ ETGCVGF VKOG
HTQO RTQRQUGF OQFGNཐU UKOWNCVKQP 6JG [CZKU UJQYU UVTGPIVJ QH VJG QDLGEV PQFG CPF VJG YKFVJ QH XKQNKP RNQV
UJQYU VJG FGPUKV[ QH QDLGEV PQFGU VJCV JCXG VJG UVTGPIVJ 6JTGG NKPGU KP GCEJ XKQNKP RNQV UJQY VJTGG SWCTVKNGU
QH VJG FKUVTKDWVKQP 6JG NKPGU KP VJG ិTUV VQ VJG HQWTVJ ITQWRU JCU CNOQUV UCOG XCNWG

 "QQMJDBUJPO UP UIF $PTU 4USVDUVSF PG 0OMJOF .VTJD 4FSWJDFT
6JKU UGEVKQP GZRNQTGU C UCORNG CRRNKECVKQP QH VJG RTQRQUGF YGKIJVGF DKRCTVKVG ITCRJ OQFGN YKVJ
ិVPGUU CPF CIKPI HWPEVKQPU VQ DG WUGF HQT DWUKPGUUGU 9G EQPUVTWEVGF VJG UKORNKិGF EQUV OQFGN HQT
TQ[CNV[ HGG CPF WUG VJG RTQRQUGF OQFGN VQ UJQY VJG GាGEV QH GCEJ RCTCOGVGT VQ VJG EQUV
5QOG UVWFKGU QP QPNKPG OWUKE UVTGCOKPI UGTXKEGU JCXG UVWFKGF VJG HCEVQTU VJCV CាGEV RTQិVU CPF
UWIIGUVU UGTXKEG CPF RTKEKPI UVTCVGIKGU DWV PQPG JCU CFFTGUUGF VJG EQUV HCEVQT YJKEJ KU C HCEVQT
VJCV FKTGEVN[ CាGEVU RTQិVU #FTKCP /CHVGK GV CN =? RTQRQUGF VJCV VJG ETKVKECN UWEEGUU HCEVQTU QH
QPNKPG OWUKE UVTGCOKPI RTGOKWO UGTXKEGU CTG HTGG OWUKE UVTGCOKPI VJG CDKNKV[ VQ RWTEJCUG OWUKE
VJG NCEM QH CFXGTVKUGOGPVU CPF VJG UCVKUHCEVKQP QH UWRRQTVKPI QPGཐU HCXQTKVG CTVKUVU 2CWN 6JQOGU
=? RTQRQUGF CP GEQPQOKE CPCN[UKU QP OQPQRQN[ QPNKPG OWUKE UVTGCOKPI RTGOKWO UGTXKEGU VJCV
UJQYGF VJG GាGEV QH RKTCE[ CPF CFXGTVKUKPI YJKEJ ECWUGU C FKXGTIGPEG KP VJG RTQិV GSWKNKDTKWO
DGVYGGP WUGTU CPF VJG RTQXKFGT 6JGUG UVWFKGU UJQY VJG UGTXKEGU CPF RTKEKPI UVTCVGIKGU DWV UVKNN FKF
PQV EQPEGTP CDQWV EQUV YJKEJ CាGEV VJG RTQិV QH VJG UGTXKEG 9G HQEWU QP VJG TQ[CNV[ HGG YJKEJ KU
QPG QH VJG NCTIG GZRGPUGU KP VJG OWUKE UVTGCOKPI UGTXKEGU 6JKU TQ[CNV[ HGG KU ECNEWNCVGF RGT RNC[
EQWPV RGT OWUKE CPF VJG RTKEG XCTKGU CEEQTFKPI VQ VJG RQRWNCTKV[ QH VJCV UQPIU %GNOC CPF %CPQ
=? UJQYGF VJCV TGEQOOGPFCVKQPU HTQO EQNNCDQTCVKXG ិNVGTKPI VGPF VQ UVGGRGP VJG UNQRG QH VJG
FKUVTKDWVKQP DWV EQPVGPVDCUGF CPF JWOCPDCUGF TGEQOOGPFCVKQPU YKNN FTKXG WUCIG VQ VJG VCKN RCTV
QH VJG FKUVTKDWVKQP YJKEJ KPFKECVGU VJCV VJGTG CTG OGVJQFU VJCV ECP EJCPIG VJG FKUVTKDWVKQP QH VJG
RNC[ EQWPV CPF CNUQ TQ[CNV[ HGG QH VJG UGTXKEG
 " 4JNQMJણFE $PTU .PEFM
6Q RTQRQUG C YC[ VQ TGFWEG VJG EQUV QH QPNKPG UVTGCOKPI UGTXKEGU VJKU UGEVKQP OQFGNU JQY VJG
EJCPIGU KP WUCIG DGJCXKQT CាGEV VJG EJCPIGU KP VJG TQ[CNV[ EQUV YJKEJ KU VJG DKIIGUV GZRGPUG HQT
VJKU V[RG QH UGTXKEG =? 6JG EQUV UVTWEVWTG QH QPNKPG UVTGCOKPI UGTXKEGU KU UKORNKិGF VQ ETGCVG C
OCVJGOCVKECN OQFGN D[ OCMKPI VYQ CUUWORVKQPU VJCV HQNNQY 'NDGTUG =? ិPFKPIU CDQWV VJG TQ[CNV[
EQUV QH UQPIU KP QPNKPG UVTGCOKPI UGTXKEGU (KTUV JKV UQPIU CTG OQTG GZRGPUKXG VJCP UQPIU VJCV CTG
PQV HCOQWU 5GEQPF C TQ[CNV[ HGG KU EQNNGEVGF RGT RNC[ EQWPV RGT UQPI 9G UKORNKិGF VJG EQUV
OQFGN KPVQ VYQ ITQWRU QH UQPIU QPG ITQWR HQT JKV UQPIU CPF CPQVJGT ITQWR HQT PQPJKV UQPIU 6JG
PWODGT QH JKV UQPIU KU CUUWOGF VQ DG (β×100) 
YJGTG 0 ≤ β ≤ 1 QH VJG VQVCN PWODGT QH UQPIU
CPF VJG PWODGT QH PQPJKV UQPIU KU ((1 − β) × 100) 6JG CXGTCIG TQ[CNV[ HGG TCVKQ QH PQPJKV
UQPIU VQ JKV UQPIU KU CUUWOGF VQ DG γ 
YJGTG 0 ≤ γ ≤ 1

+H VJG RNC[ EQWPV FKUVTKDWVKQP QH GCEJ UQPI HQNNQYU C RTQDCDKNKV[ FKUVTKDWVKQP HWPEVKQP f(x)
YJGTG x KU VJG RNC[ EQWPV HQT GCEJ UQPI VJGP YG PGGF VQ ិPF C RNC[ EQWPV c VJCV UGRCTCVGU UQPIU
YKVJ RNC[ EQWPVU OQTG VJCP c VQ β × 100 QH CNN UQPIU
1− β =
∫ c
0
f(x)dx 

c = F−1(1− β) 

*GTG F (x) KU VJG %&( QH f(x) 9G ECP ECNEWNCVG VJG EQUV QH VJG TQ[CNV[ HGG 
%QUV(f(x)) VQ
DG
%QUV(f(x)) = C(γ
∫ F−1(1−β)
0
xf(x)dx+
∫ ∞
F−1(1−β)
xf(x)dx) 

= C(E[f(x)]− (1− γ)
∫ F−1(1−β)
0
xf(x)dx) 

YJGTG C KU VJG EQUV RGT RNC[ EQWPV QH GCEJ JKV UQPIU
$GECWUG YG MPQY VJCV VJG RNC[ EQWPV FKUVTKDWVKQP HQNNQYU C RQYGTNCY FKUVTKDWVKQP QT f(x) =
αxαm
xα+1
 HTQO VJG %&( QH VJG RQYGTNCY FKUVTKDWVKQP F (x) = 1 − (xm
x
)α F−1(x) = xm
(1− x) 1α
CPF F−1(1− β) = xm
(1− (1− β)) 1α
=
xm
β
1
α

6JG EQUV ECP DG ECNEWNCVGF CU
%QUV(f(x)) = C(E[f(x)]− (1− γ)
∫ F−1(1−β)
0
xf(x)dx) 

= C
αxαm
1− α( NKOx→∞x
1−α − xm1−α − (1− γ)((xm
β
1
α
)1−α − x1−αm )) 

= C
αxαm
1− α NKOx→∞x
1−α + C
αxm
α− 1(1 + (1− γ)(β
α−1
α − 1)) 

(TQO 'S  YG IGV α > 1 CPF
%QUV(f(x)) = C αxm
α− 1(1 + (1− γ)(β
α−1
α − 1)) 

9G ECP ECNEWNCVG VJG EJCPIG KP %QUV(f(x)) TGNCVGF VQ VJG EJCPIG KPα D[ RCTVKCNN[ FKាGTGPVKCVKPI
%QUV(f(x)) D[ α UWEJ VJCV
∂
∂α
%QUV(f(x)) = C xm
(α− 1)2 (β
α−1
α (1− γ)(α− 1
α
(NQIβ)− 1)− γ) 


$GECWUG 1−γ ≥ 0 CPF α− 1
α
> 0 CPF NQIβ ≤ 0 YG IGV ∂
∂α
%QUV(f(x)) ≤ 0 HQT CNN α YJKEJ
OGCPU VJCV α KPETGCUGU VJG EQUV FGETGCUGU
 $IBOHFT UIBU 0OMJOF .VTJD 1SPWJEFST $BO "EPQU
7UKPI VJG XCTKCDNGU KP 5GEVKQP  VJKU UGEVKQP GZRNQTGU JQY EJCPIGU KP VJG GZQIGPQWU XCTKCDNGU
YKNN CាGEV VJG UJCRG RCTCOGVGT QH VJG RQYGTNCY FKUVTKDWVKQP CPF VJG EQUV VQ QPNKPG OWUKE UVTGCOKPI
RTQXKFGTU
ཙ 3FDFOUMZ DSFBUFE PCKFDU VTBHF SBUF 	n
  $GECWUG VJG PGY QDLGEV WUCIG TCVG n KU C UECNG RC
TCOGVGT KV YKNN PQV CាGEV VJG UJCRG RCTCOGVGT QH VJG RQYGTNCY FKUVTKDWVKQP 6JKU OGCPU
VJCV VJG TQ[CNV[ HGG YKNN PQV DG CាGEVGF D[ VJG TGEGPVN[ ETGCVGF QDLGEV WUCIG TCVG
ཙ 1SFWJPVTMZ DSFBUFE PCKFDUT VTBHF SBUF 	b + c
  $GECWUG VJG UVTGPIVJ FKUVTKDWVKQP HQNNQYU VJG
RQYGTNCY FKUVTKDWVKQP YKVJ C UJCRG RCTCOGVGT λW
(m+ b+ c)τ
 YG ECP EQPENWFG VJCV YJGP
VJG RTGXKQWUN[ ETGCVGF QDLGEV WUCIG TCVG b + c KPETGCUGU VJG UJCRG RCTCOGVGT QH VJG RQYGT
NCY YKNN FGETGCUG 6JKU YKNN KPETGCUG VJG EQUV QH VJG TQ[CNV[ HGG VQ VJG OWUKE QPNKPG UVTGCOKPI
UGTXKEG
ཙ .FBO MJGF UJNF QBSBNFUFS 	τ 
  $GECWUG VJG UVTGPIVJ FKUVTKDWVKQP HQNNQYU VJG RQYGTNCY FKU
VTKDWVKQP YKVJ C UJCRG RCTCOGVGT λW
(m+ b+ c)τ
 YG ECP EQPENWFG VJCV YJGP VJG OGCP NKHG
VKOG τ KPETGCUGU VJG UJCRG RCTCOGVGT QH VJG RQYGT NCY YKNN FGETGCUG 6JKU YKNN CNUQ KPETGCUG
VJG TQ[CNV[ HGG EQUV QH VJG UVTGCOKPI UGTXKEG
#U FKUEWUUGF CDQXG VJG EJCPIGU KP VJG VYQ GZQIGPQWU XCTKCDNGU 
VJG RTGXKQWUN[ ETGCVGF QDLGEV
WUCIG TCVG CPF VJG OGCP NKHGVKOG RCTCOGVGT YKNN CាGEV VJG UJCRG QH VJG RQYGTNCY FKUVTKDWVKQP
6JG TGUWNVU HTQO 5GEVKQP  CNUQ UWIIGUV JQY VJG EJCPIGU KP VJG UJCRG QH VJG RQYGT NCY YKNN CាGEV
VJG EQUV QH QPNKPG OWUKE UVTGCOKPI YKVJ TGURGEV VQ TQ[CNV[ HGGU 6JGTGHQTG GZEGRV HQT n YJKEJ KU C
UECNG RCTCOGVGT VJCV FQGU PQV CាGEV VJG UJCRG QH VJG RQYGTNCY FKUVTKDWVKQP VJG HQNNQYKPI KPUKIJVU
ECP DG FTCYP
ཙ 9KVJ TGURGEV VQ VJG RTGXKQWUN[ ETGCVGF QDLGEV WUCIG TCVG 
b+ c VJG TGEQOOGPFCVKQP QH QNF
UQPIU UJQWNF DG CXQKFGF VQ TGFWEG VJG WUCIG QH QNF UQPIU

ཙ 9KVJ TGURGEV VQ VJG OGCP NKHG VKOG RCTCOGVGT 
τ  UQPIU UJQWNF DG FKURNC[GF KP NKUVU QTFGTGF
HTQO PGY UQPIU VQ QNF UQPIU .KUV QTFGTKPI JCU DGGP MPQYP VQ KPីWGPEG WUGTUཐ TGURQPUGU
VJCV VJG DGIKPPKPI QH VJG NKUV QHVGP TGEGKXGF OQTG TGURQPUGU = ? 6JGTGHQTG QTFGTKPI
PGY UQPIU CV VJG DGIKPPKPI QH VJG NKUV YKNN KPETGCUG VJG CEEGUU VQ PGY UQPIU CPF FGETGCUG VJG
CEEGUU VQ QNF UQPIU YJKEJ KP VWTP YKNN FGETGCUG VJG OGCP NKHGVKOG
 $PODMVTJPO BOE 'VUVSF 8PSL
6JKU EJCRVGT RTQRQUGF C PGY DKRCTVKVG GXQNWVKQP OQFGN HQT QPNKPG OWUKE UVTGCOKPI WUCIG VQ KORTQXG
QP VJG NKOKVCVKQPU QH RTGXKQWU DKRCTVKVG OQFGNU VJCV GUVCDNKUJGF TKEJIGVTKEJGT RJGPQOGPC YJKEJ
FQGU PQV GZKUV KP OWUKE NKUVGPKPI DGJCXKQTU 6JG KORTQXGOGPV YCU CEEQORNKUJGF D[ CFFKPI ិVPGUU
CPF CIKPI HWPEVKQPU VQ VJG QDLGEV PQFGU #HVGT VJGQTGVKECN CPCN[UKU QP QDLGEV UVTGPIVJ FKUVTKDWVKQP
YG CNUQ EQPិTOGF VJG FKUVTKDWVKQP QH VJG RNC[ EQWPVU QH UQPIU HTQO .CUVHO FCVCUGV KU C RQYGT NCY
#FFKVKQPCNN[ VQ ិPF C YC[ VQ TGFWEG VJG EQUV QH VJG TQ[CNV[ HGG HQT EQPVGPV YJKEJ KU DCUGF QP
VJG PWODGT QH VKOGU VJG EQPVGPV JCU DGGP CEEGUUGF CPF VJG RTKEG FKាGTGPEGU DGVYGGP RQRWNCT CPF
PQPRQRWNCT EQPVGPVU YG RTQRQUGF C UKORNKិGF OQFGN VQ GZRNCKP VJG WUCIG QH VJG EQPVGPV $CUGF
QP VJG CFLWUVOGPVU QH OQFGN RCTCOGVGTU YG UWIIGUVGF VJCV TQ[CNV[ HGG HQT VJG GPVKTG U[UVGO ECP DG
TGFWEGF D[ TGEQOOGPFCVKQPU QH PGYGT UQPIU
6JGTG CTG OCP[ FKTGEVKQPU HQT HWVWTG YQTM (KTUV FWG VQ VJG NKOKVCVKQP QH VJG FCVCUGVU YG JCXG
YG YGTG PQV CDNG VQ RGTHQTO VJG UVCVKUVKECN J[RQVJGUKU VGUVKPI CPF RCTCOGVGT GUVKOCVKQP QH TGEGPE[
RTQRGTV[ QT CIKPI RJGPQOGPC KP QPNKPG OWUKE UVTGCOKPI UGTXKEG 6Q FQ UWEJ VJG VGUVKPI VJG FCVCUGV
PGGFU VQ EQPVCKP VJG TGNGCUGF VKOG CPF VJG PWODGT QH VKOGU GCEJ UQPI KU NKUVGPGF VQ HQT C HGY [GCTU
HQNNQYKPI VJG TGNGCUGF [GCT 6JG /5& FCVCUGV EQPVCKPGF QPN[ CIITGICVGF PWODGT QH VKOGU VJG
UQPIU YGTG NKUVGPGF VQ HTQO  VQ  .CUVHO FKF PQV EQPVCKP VJG TGNGCUGF [GCT KPHQTOCVKQP
6JG FCVCUGV UKOKNCT VQ VJG QPG WUGF KP 2CTM CPF -CJPI =? DWV KP NCTIGT UECNG ECP DG WUGF VQ VGUV
VJG CIKPI RJGPQOGPC 6JG J[RQVJGUKU VGUVKPI CPF RCTCOGVGT GUVKOCVKQP CTG QWT HWVWTG YQTM HQT
VJKU YGKIJVGF DKRCTVKVG ITCRJ OQFGN
/QTGQXGT VJG TGUWNVU QH VJG EQUV OQFGN CPCN[UKU UWIIGUV VJCV VJG UECNG RCTCOGVGT KU CP KPFKECVQT
QH VJG KPETGCUGF EQUV 9G YQWNF NKMG VQ HWTVJGT GZRNQTG VJG TGUWNVU EQODKPKPI VJG UECNG RCTCOGVGT
CPF VJG UJCRG RCTCOGVGT QH VJG RQYGT NCY KP VJG EQUV OQFGN 6JKU YKNN HWTVJGT GPJCPEG QWT WPFGT
UVCPFKPI QH VJG EQUV UVTWEVWTGU /QTG HCEVQTU ECP DG CFFGF VQ VJG OQFGN VQ CNNQY FKាGTGPV HCEVQTU
VQ DG GZRNCKPGF D[ VJG OQFGN UWEJ CU
ཙ 6JG CTTKXCN TCVG QH WUGTU CPF QDLGEVU EQWNF HQNNQY VJG 2QKUUQP FKUVTKDWVKQP CPF OQTG RCTCO

GVGTU EQWNF DG CFFGF
ཙ 6JG EQPVGPV ETGCVQTU 
CTVKUVU EQWNF DG CFFGF VQ VJG OQFGN DGECWUG EQPVGPV ETGCVQTU EQWNF
KPីWGPEG VJG CVVTCEVKXGPGUU QH VJGKT EQPVGPV 
UQPIU
ཙ 2GTUQPCNK\GF CVVTCEVKXGPGUU EQWNF DG CFFGF VQ VJG OQFGN CPF RGTUQPCN RTGHGTGPEGU 
RGTUQPCN
K\GF CVVTCEVKXGPGUU UJQWNF JCXG C ITGCVGT KPីWGPEG VJCP VJG RQRWNCTKV[ 
INQDCN CVVTCEVKXGPGUU
QH VJG UQPIU
ཙ 6JG UQEKCN PGVYQTM COQPI WUGTU EQWNF DG CFFGF D[ IGPGTCVKPI C PGVYQTM QH WUGTU HQNNQYKPI
VJG ិVPGUUCIG UECNGHTGG PGVYQTM CPF CFFKPI RCTCOGVGTU YJKEJ YQWNF CNUQ KPENWFG VJG NQECN
CVVTCEVKXGPGUU HTQO VJG TGNCVKQPUJKRU DGVYGGP VJG WUGTU
6JKU EJCRVGT EQPEGTPU QPN[ VJG EQUV QH TQ[CNV[ HGG DWV KP VJG TGCN UGTXKEG VJGTG CTG QVJGT EQUVU
UWEJ CU UGTXGT EQUV OCTMGVKPI EQUV CPF QVJGTU 6QIGVJGT VQ OCZKOK\G RTQិV VJG RTQXKFGT UJQWNF
CNUQ DG EQPEGTPGF CDQWV VJG KPEQOG &WG VQ VJG XCTKGV[ QH DWUKPGUU OQFGN KP VJG QPNKPG OWUKE
UVTGCOKPI UGTXKEGU YG FKF PQV KPENWFG VJGUG RCTV KP QWT RCRGT DWV VJGUG UJQWNF DG KPXGUVKICVGF KP
VJG HWVWTG

%JCRVGT 
CONCLUSION AND FUTUREWORK
+P VJKU EJCRVGT VJG KORNKECVKQPU HTQO VJG TGUWNVU QH VJG UVWFKGU CTG UWOOCTK\GF KP UGEVKQP 
6JGP CNN QH VJG EQPVTKDWVKQPU CTG EQPENWFGF KP UGEVKQP  CPF VJG HWVWTG YQTMU CTG NKUVGF KP UGEVKQP

 .BOBHFNFOU *NQMJDBUJPOT
(TQO VJG QDLGEVKXG QH VJKU UVWF[ YJKEJ KU VQ KPETGCUG VJG RTQិV QH HTGGOKWO OWUKE UVTGCOKPI
DWUKPGUU VJG TGUWNVU KP RTGXKQWU EJCRVGTU ECP DG CRRNKGF VQOCPCIGOGPV KORNKECVKQPU DQVJ KP KPEQOG
CPF EQUV RCTV CU UJQYP DGNQY
6JG TGUWNV KP EJCRVGT  UJQYU VJCV EJCPEG VQ EQPXGTV VQ RTGOKWO WUGT KU TGNCVGF VQ VJG PWODGT
QH HTKGPFU 6JKU ECP KORN[ VJCV KPETGCUG VJG EQPPGEVKQP DGVYGGP HTGG WUGTU ECP NGCF VQ KPETGCUG
EQPXGTUKQP TCVG VQQ 6JKU ECP DG KORNGOGPVGF D[ TGEQOOGPF QVJGT HTGG WUGTU VQ DG HTKGPF YKVJ
VJCV HTGG WUGT
(QT C RTGOKWO WUGT EQPPGEVKQP UVTGPIVJ DGVYGGP RTGOKWO HTKGPFU JCXG RQUKVKXG TGNCVKQP YKVJ
EJCPEG VQ EQPVKPWG DGKPI RTGOKWO WUGT 6JKU OGCP VJCV YJGP WUGT EJCPIG VQ RTGOKWO WUGT VJG
U[UVGO UJQWNF TGEQOOGPF QVJGT RTGOKWO WUGTU VQ DG HTKGPFU CPF TGEQOOGPF UQOG PGY UQPIU VQ
VJCV WUGT VQQ
9JKNG VJG TGEQOOGPFCVKQP U[UVGO JCXG VQ DG WUGF KP VJG RTGXKQWU OCPCIGOGPV KORNKECVKQPU
VJG RGTHQTOCPEG QH VJG TGEQOOGPFCVKQP U[UVGO ECP DG KORTQXGF D[ WUKPI DQVJ FCVC QH UQEKCN
PGVYQTM QH WUGTU CPF QVJGT KPHQTOCVKQP KP VJG $C[GUKCP UVCVKUVKE DCUGF TCPFQO YCNM YKVJ TGUVCTV
TGEQOOGPFCVKQP U[UVGO RTQRQUGF KP EJCRVGT  6JKU TGEQOOGPFCVKQP U[UVGO ECP DG WUGF KP PGZV
KORNKECVKQPU VQQ
&WG VQ VJG RTQិV KU TGNCVGF VQ DQVJ KPEQOG CPF EQUV VJG EQUV QH RTQXKFKPI VJG UVTGCOKPI UGTXKEG
UJQWNF DG EQPEGTPGF 6JG TGUWNV KP EJCRVGT  UJQYU VJCV VJG EQUV QH TQ[CNV[ HGG HQT VJG OWUKE
UVTGCOKPI UGTXKEG KU TGNCVGF VQ PWODGT QH WUCIG QH PGY CPF QNF UQPIU 6JG OQTG NKUVGPKPI QH VJG
PGY UQPIU CPF VJG NGUU NKUVGPKPI QH QNF UQPIU NGCF VQ VJG NGUU TQ[CNV[ HGG EQUV 6JKU ECP KORN[ VJCV
KH VJG U[UVGO ECP TGEQOOGPF PGY UQPIU OQTG VJCV QNFGT UQPIU VJG EQUV QH TQ[CNV[ HGG UJQWNF DG
TGFWEGF

6JG OCPCIGTKCN TGEQOOGPFCVKQPU HTQO VJGUG UVWFKGU ECP DG EQPENWFGF CU
ཙ 4GEQOOGPF QVJGT HTGG WUGTU VQ DG HTKGPF YKVJ HTGG WUGT
ཙ 4GEQOOGPF QVJGT RTGOKWO WUGTU VQ DG HTKGPF YKVJ RTGOKWO WUGT
ཙ 4GEQOOGPF PGYGT UQPIU VQ VJG WUGTU OQTG VJCP VJG QNFGT QPG
ཙ 7UG DQVJ KPFKXKFWCN DGJCXKQTU CPF UQEKCN PGVYQTMཐU FCVC CPF $C[GUKCP UVCVKUVKE VQ ETGCVG DGVVGT
TGEQOOGPFCVKQP U[UVGO
 $POUSJCVUJPO
6Q CFFTGUU VJG RTQិVCDKNKV[ RTQDNGO VJCV HTGGOKWOOWUKE UVTGCOKPI RTQXKFGTU HCEG VJKU FKUUGTVCVKQP
UVWFKGU VJTGG CRRTQCEJGU VQ KPETGCUG VJG CDKNKV[ VQ OCMG RTQិV HQT OWUKE UVTGCOKPI RTQXKFGTU 6JG
VJTGG CRRTQCEJGU CFFTGUU VJG RTQXKFGTUཐ KPEQOG VJG RTQXKFGTUཐ EQUV CPF WUGT UCVKUHCEVKQP CU UJQYP
KP (KI 
(KTUV VJKU FKUUGTVCVKQP GZCOKPGF VJG DGJCXKQT QH QPNKPG EQPUWOGTU WUKPI JKUVQTKECN WUCIG NQI
UQEKCN PGVYQTM KPHQTOCVKQP CPF WUGTཐU JKUVQT[ QH RTGOKWO UWDUETKRVKQP 6JG TGUWNVU UJQY VJCV HQT
HTGG WUGT PWODGT QH DQVJ HTGG CPF RTGOKWO WUGTUཐ HTKGPFU JCXG RQUKVKXG TGNCVKQP VQ VJG EJCPEG VQ
EQPXGTV VQ C RTGOKWO WUGT JQYGXGT VJG WUCIG TCVG CPF VJG EJCPEG VQ EQPXGTV VQ C RTGOKWO WUGT
UJQYU C FKាGTGPV TGNCVKQP DGVYGGP WUGTU YJQ UVQR WUKPI RTGOKWO UGTXKEG CU PGICVKXG TGNCVKQP CPF
VJG QVJGT HTGG WUGTU YJKEJ CTG RQUKVKXG TGNCVKQP (QT RTGOKWO WUGTU VJG PWODGT QH HTKGPFU YJQ
CTG RTGOKWO WUGTU CPF EQPPGEVKQP UVTGPIVJ DGVYGGP RTGOKWO HTKGPFU CPF WUCIG TCVGU JCXG RQUKVKXG
TGNCVKQP VQ VJG EJCPEG VQ EQPVKPWG WUKPI RTGOKWO UGTXKEG DWV VJG PWODGT QH HTKGPFU YJQ CTG HTGG
WUGTU JCU PGICVKXG TGNCVKQP YJKEJ UJQY UVTQPIGT TGNCVKQP HQT VJG WUGT YJQ UVCTV WUKPI RTGOKWO
UGTXKEG VJCP VJG QVJGT RTGOKWO WUGTU 6JGUG TGUWNVU ECP UWIIGUV UVTCVGIKGU VQ KPETGCUKPI EQPXGTUKQP
TCVGU D[ TGEQOOGPFKPI HTGG WUGTU VQ DG HTKGPFU YKVJ QVJGT HTGG WUGTU CPF TGEQOOGPF RTGOKWO
WUGTU VQ DG HTKGPFU YKVJ QVJGT RTGOKWO WUGTU GURGEKCNN[ YKVJ VJG QPGU YJQ LWUV UVCTV WUKPI RTGOKWO
UGTXKEG 6JKU KU UJQYP KP DNWG KP VJG FKCITCO #FFKVKQPCNN[ VJG TGEQOOGPFCVKQP QH UQPIU KU CNUQ
PGEGUUCT[
6Q KPETGCUG WUGT UCVKUHCEVKQP KP OWUKE EQPUWORVKQP VJKU FKUUGTVCVKQP KORTQXGU C TGEQOOGP
FCVKQP U[UVGO YJKEJ YCU DCUGF QP TCPFQO YCNM YKVJ TGUVCTV D[ WUKPI UQEKCN KPHQTOCVKQP DCUGF
RTQDCDKNKV[ KP VJG TCPFQOK\GF RTQEGUU QH VJG U[UVGO 6JG CEEWTCE[ QH VJG U[UVGO KORTQXGU HTQO
VJG RTGXKQWU TGEQOOGPFCVKQP U[UVGO URGEKCNN[ YJGP VJG FCVC KU NKOKVGF YJKEJ YQWNF CNNQY WUGTU

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Figure 6.1: 6JG EQPVTKDWVKQPU QH VJKU TGUGCTEJ

VQ ិPF UQPIU VJCV VJG[ NKMG CPF KORTQXGU WUGT UCVKUHCEVKQP VQ VJG U[UVGO 6JKU KU UJQYP KP QTCPIG
RCTV KP VJG FKCITCO
+P VJG FQOCKP QH NQPIVCKN RJGPQOGPQP KP WUCIG FKUVTKDWVKQP QH OWUKE EQPUWORVKQP VJKU FKU
UGTVCVKQP KORTQXGU VJG IGPGTCVKPI OQFGN D[ <JCPI GV CN =? VQ TGFWEG VJG FKUETGRCPE[ DGVYGGP
VJG OQFGN CPF VJG TGCN YQTNF KP YJKEJ VJG RTGXKQWU OQFGN FKF PQV CNNQY PGY UQPIU VQ ICKP RQRW
NCTKV[ SWKEMGT VJCP QNFGT UQPIU 6JG PGY IGPGTCVKPI OQFGN ECP GZRNCKP VJG TGCN YQTNF FCVC DGVVGT
/QTGQXGT VJG OQFGN RCTCOGVGTU YGTG CPCN[\GF KP VGTOU QH JQY VJG[ CាGEV VJG UJCRGU QH VJG NQPI
VCKN 6JKU KU WUGF VQ OCMG TGEQOOGPFCVKQPU VQ RTQXKFGTU CDQWV JQY VQ UVTCVGIKECNN[ CFLWUV VJG WUGT
KPVGTHCEGU CPF TGEQOOGPFCVKQP U[UVGO VQ TGFWEG VJG WUCIG QH QNF EQPVGPVU KP QTFGT VQ TGFWEG VJG
NKEGPUKPI EQUVU VJCV RTQXKFGTU JCXG VQ RC[ VQ OWUKE ETGCVQTU 6JKU KU UJQYP KP RWTRNG RCTV KP VJG
FKCITCO
1XGTCNN KP QTFGT VQ KPETGCUG RTQិVU HQT HTGGOKWO OWUKE UVTGCOKPI RTQXKFGTU + UVWFKGF VJG HCE
VQTU VJCV CាGEV DQVJ RTGOKWO UWDUETKDGU CPF WPUWDUETKDGU KP UWDUETKRVKQPDCUGF HTGGOKWO OWUKE
UVTGCOKPI UGTXKEGU CPF RTQRQUGF C OCPCIGTKCN TGEQOOGPFCVKQP VQ KPETGCUG EQPXGTUKQP TCVG /QTG
QXGT + FGXGNQRGF C TGEQOOGPFCVKQP U[UVGO VQ KORTQXG VJG WUGT GZRGTKGPEGU KP FKUEQXGTKPI OWUKE
VQ KPETGCUG WUGTU UCVKUHCEVKQP VQ VJG UGTXKEGU (KPCNN[ + GZCOKPGF NQPIVCKN FKUVTKDWVKQP KP OWUKE EQP
UWORVKQP CPF FGXGNQRGF C OQFGN VJCV GZRNCKPU VJG NQPIVCKN RJGPQOGPC KP OWUKE EQPUWORVKQP CPF
WUG VJG OQFGN VQ GZRNQTG JQY RTQXKFGTU ECP TGFWEG TQ[CNV[ EQUVU %QODKPGF  RCTVU YJKEJ UJQWNF
DG CDNG VQ KPETGCUG KPEQOG CPF TGFWEG EQUV VJCV UJQWNF KPETGCUG RTQិV VQ VJG RTQXKFGT
 'VUVSF 8PSL
/CP[ FKTGEVKQPU QH HWVWTG YQTM ECP DG GZRNQTGF (QT KPETGCUKPI VJG EQPXGTUKQP TCVG DQVJ UVTCVGI[
HQT KPETGCUKPI VJG EQPXGTUKQP CPF RTGXGPVKPI WPUWDUETKDGU QVJGT RCTCOGVGTU EQWNF DG GZCOKPGF VQ
KORTQXG VJG CEEWTCE[ QH VJG OQFGN #P GZCORNG QH VJG RCTCOGVGTU KU VJG UKOKNCTKV[ QH WUCIG DG
VYGGP HTKGPFU (QT UQEKCNKPHQTOCVKQPDCUGF EQPFKVKQPCN RTQDCDKNKV[ VTCPUKVKQP OCVTKZ 494DCUGF
TGEQOOGPFCVKQP U[UVGO KP QTFGT VQ GាGEVKXGN[ FGRNQ[ VJG EQORWVCVKQP PGGFU VQ DG QRVKOK\GF VQ
KPETGCUG VJG UECNCDKNKV[ QH VJKU CRRTQCEJ (QT VJG YGKIJVGF DKRCTVKVG ITCRJ VJCV IGPGTCVGU NQPIVCKN
FKUVTKDWVKQP KP OWUKE WUGTU EQWNF CEEGUU EQPVGPVU YKVJ 2QKUUQP RTQEGUU QT PGY WUGTU CPF PGY QD
LGEVU EQWNF DG CFFGF VQ VJG U[UVGO YKVJ TCPFQO RTQEGUU KPUVGCF QH VJG ិZGF TCVGU QH ETGCVKPI WUGTU
CPF QDLGEV KP VJG EWTTGPV OQFGN
6JKU UVWFKGU KU DCUGF QP KPHQTOCVKQP HTQO NCUVHO YJKEJ KU INQDCN OWUKE UVTGCOKPI UGTXKEG
VJGTGHQTG VJG FCVC TGHGT VQ DGJCXKQT QH INQDCN WUGT YJKEJ OGCP VJCV WUGTU QH NQECNK\GF UGTXKEG OC[

JCXG FKាGTGPEG DGJCXKQTU CPF JCXG VQ DG UVWFKGF UGRCTCVGF KP GCEJ EQWPVTKGU
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Lemma A.1.1. NKO
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
1SPPG .GV WU PQY EJGEM VJCV NKO
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HWPEVKQP QH fo(i) 6JGTGHQTG
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